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INTRODUCTION 
Dates of planting of maize (Zea mays L.) in the U.S. Corn Belt that 
are earlier than normal require maize to germinate and grow in moist 
soils with temperatures near 10°C (Mock and Pearce, 1975). The stages of 
maize development could be moved earlier with early planting if growth 
was "normal" under the conditions normally encountered with early plant­
ing dates. Early planting should shift the period of grain filling 
closer to the long-light days of the summer, theoretically increasing the 
amount of dry matter that can be accumulated in the grain. Also, pol­
lination should occur earlier than the usual periods of high temperature 
and moisture stress that occur in August in the U.S. Corn Belt. Earlier 
pollination can hasten maturity and result in drier grain at harvest 
(Mock and McNeill, 1979). In addition, cold tolerant cultivars may be 
useful in areas where short and/or cool seasons limit growth and pro­
duction of maize (Grogan, 1970). Improvement of cold tolerance of germi­
nating seeds and young seedlings could permit extension of the growing 
period and attainment of adequate stands and high yields in these 
temperature-limiting environments. 
Plant densities have increased during the past 4-0 years as im­
proved maize genotypes, which respond to advanced cultural practices, 
have been developed (Russell, 1974). Recently released hybrids, for 
example, produced higher grain yields under high plant densities than 
did earlier hybrids (Russell, 1974; Duvick, 1976). Improvement of 
high plant density tolerance in maize synthetic populations should pro­
vide superior germplasm sources for the development of elite lines. 
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Selection at high densities has been shown to increase density tolerance 
of inbred lines (Russell and Teich, 1967; Russell, 1959). Visual eval­
uation of inbred lines grown at high densities was equal to or better 
than selection based on testcross performance (Russell and Teich, 1967). 
Selection schemes to improve populations usually use only part of 
the total resources of a research program. All aspects of plant breed­
ing included in a program require a portion of the total labor, expenses, 
and time available, and selection methods must be designed to be effi­
cient in their use of these assets. Mass selection requires relatively 
few costly resources and would be an efficient selection method if con­
sistent progress could be shown. 
This study was designed to evaluate the usefulness of mass selection 
to improve cold and density tolerance of two maize populations, BS2 and 
BS3. Three cycles of mass selection for improved cold and high plant 
density tolerance were conducted in both BS2 and BS3 in each of three 
regional areas of the Corn Belt. Natural stress for cold tolerance 
was achieved by planting the populations as early as possible at 
Waseca, Minnesota; Ames, Iowa; and Portageville, Missouri, which rep­
resented northern, central and southern regions, respectively. 
In this study, the original and the three advanced cycles of BS2 
and BS3 from the three selection regions were grown at two dates of 
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planting and two plant densities. The original selection sites and two 
other sites (i.e., Beaconsfield, Iowa and Sutherland, Iowa) were used 
as evaluation locations. My research was conducted to: 
1. Determine if mass selection using early planting dates under 
high plant densities was effective in improving cold and 
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density tolerance, 
2. Determine if selection changed the populations responses 
to dates of planting and plant densities for plant, 
flowering and harvest traits, 
3. Evaluate changes in other traits associated with selection 
under these conditions, and 
4. Compare results for cycles developed in the three selection 
regions to determine if changes due to selection in one 
region were expressed in other regions. 
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REVIEW OF LITERATURE 
Introduction 
Autogamous and allogamous species react quite differently under 
natural selection due to differences in pollination control. After 
heterogeneous populations are formed in self-pollinated species, homo­
zygous loci can be maintained and selection can be directed at specific 
genotypes. Selection in these populations increases the frequency of 
homozygous genotypes with the best capacity to survive. Natural selec­
tion has been used extensively to improve heterogeneous populations of 
autogamous species and its use has been well-documented in the literature. 
In cross-pollinated species, transmission of genotypic information 
can be influenced through selection of phenotypes in populations of in­
teracting segregates, as well as through the random recombinations of 
sex cells (Kamshilov, 1968). Progress depends on increasing the fre­
quencies of favorable alleles in heterogeneous populations. Differentia­
tion of the better plant types in random mated composites has not been 
dependent on natural selection forces alone. Natural selection has 
been directed by human selection of individual phenotypes, consequently, 
mass selection in populations of cross-pollinated crops usually in­
volves both natural and human imposed influences. 
Natural Selection 
Natural selection may be described as the differential perpetuation 
of coexisting genotypes in heterogeneous populations. An individual 
competes well if a larger proportion of its seeds mature and produce 
offspring for the next generation. Selection pressure is applied by 
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predictable and unpredictable environmental stresses (Allard and 
Bradshaw, 1964). 
Autogamous species 
The bulk population method for breeding self-pollinated species 
utilizes the forces of natural selection. Natural selection acts on 
heterogeneous populations increasing genotypes which compete well under 
prevailing conditions. The bulk method may have limited usefulness, 
as the association between fitness in heterogeneous populations and 
yielding ability of selected types in pure stands may be poor. Two 
types of heterogeneous populations have been used in studies with autog­
amous species to determine the value of natural selection in the bulk 
population method. Mixtures of homozygous cultivars or segregating 
genotypes in Fg-population composites have been used as the source 
populations upon which natural selection has acted for these studies. 
Harlan and Martini (1938) evaluated changes in a mixture of 11 
barley varieties grown at 10 locations for 4 to 12 years under natural 
selection conditions. Some varieties increased rapidly until they pre­
dominated at a particular location, while other varieties quickly dropped 
to low levels or disappeared from the mixture. The same varieties 
were not dominant at all locations and there was usually good agreement 
between adaptability of a variety to an area and its performance in the 
mixture. In two-variety mixes of winter wheat, 7 to 9 years of natural 
selection caused complete elimination of one variety and dominance of 
the other variety (Laude and Swanson, 1943). Later, Suneson (1949) 
grew a mixture of four barley varieties for 15 years to characterize 
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competitiveness. After 15 generations, one variety was completely elimi­
nated and another variety accounted for nearly 90% of the plants re­
maining in the population. The competitive advantage of the predominant 
variety was due to greater retention of tillers in mixed stands, which 
resulted in a greater proportion of seed-producing spikes at maturity 
(Lee, 1960). 
Mixtures of soybeans, made up of three pure line varieties, were 
evaluated after five generations of natural selection (Mumaw and Weber, 
1957). The predominant varieties in the mixtures were tall and late 
maturing, and they displayed increased lodging and a branching growth 
habit. These authors suggested that the bulk method may have limited 
usefulness in plant breeding because yield was not related to surviva­
bility. A tall and highly tillering tropical variety of rice dominated 
after three cycles of competitive natural selection in a blend of five 
tropical and temperate rice varieties (Jennings and DeJesus, 1968). 
These results were incongruous with pure stand yield trial data, where 
typical temperate varieties with short-statured, erect-leaf growth. 
habits yielded approximately twice that of the more competitive tropical 
varieties. The conflicting results demonstrated a negative relation­
ship between competitive ability in mixtures and yielding ability in 
pure stands for rice. 
Rasmussen et al. (1967) combined 6,000 entries from the world 
barley collection to form a barley mixture, which was subjected to six 
cycles of natural selection in Minnesota. Under the stress conditions 
imposed by late plantings, yield of the population was increased 9.5% 
per cycle. In another study, the advantage of heterogeneous oat popu­
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lations, when compared with yield levels of pure stand cultivars, became 
more pronounced as environmental stress increased (Frey and Maldonado, 
1967). Stress was applied by using a planting date approximately one 
month later than normal, and, in one case, the population yielded 9% 
higher than the best cultivar included in the mixture. 
Suneson (1956) described in detail the bulk method of breeding 
using hybrid-derived populations. Composite crosses were formed by 
intercrossing and bulk mixing of the progeny from diversified germ-
plasm sources. Survival capability and ensuing evolutionary change was 
directed by prolonged natural selection in these segregating populations. 
Four composite crosses were grown in California for 14 to 18 genera­
tions. Large improvements in yield were shown when yields of differ­
ent generations of the composite crosses were computed as a percentage 
of the yield of a check variety Atlas. However, these improvements 
were due to dramatic reductions in yield of Atlas over years rather 
than to yield increases of the composite crosses per se (Suneson and 
Stevens, 1953). Jain (1961) studied one of the composite crosses used 
by Suneson and Stevens (1953) and found a positive, linear relationship 
between number of seeds and yielding ability per plant. This result 
was interpreted as evidence for simultaneous improvement of fitness and 
productivity. In a more recent study, a general shift in a barley com­
posite cross was reported after five generations of natural selection 
(Singh and Johnson, 1969). Modifications in the population's performance 
were found to be consistent with plant breeding objectives. 
A bulk hybrid population of rice formed by crossing tropical and 
temperate types showed results similar to those described for mixtures 
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among these same species (Jennings and Herrera, 1968). The short-
statured temperate types produced highest yields in pure culture but 
they were unable to compete effectively with the more vigorous tropi­
cal plants. In another comparison of hybrid populations using the 
bulk method, eight spring wheat lines were crossed in a diallel (Busch 
et al., 1976). The F^ , F^ , and F^  yields were equal to their respective 
midparent yields in both favorable and unfavorable environments indi­
cating no yield advantages for the heterogeneous populations. Stabil­
ity of yield performance was not improved by forming heterogeneous popu­
lations. Quisenberry et al. (1978) subjected a bulk hybrid population 
of cotton to 10 generations of natural selection in a moisture limiting 
environment. Selection improved the population's tolerance to moisture 
stress and caused a yield increase of 3.3% per cycle. Selection, how­
ever, caused important decreases in quality traits. 
Natural selection was used by Marshall (1966) to improve winter 
hardiness of 23 bulk hybrid populations made up of winter and spring 
oat varieties. The populations were seeded in the fall from the F^  
through the Fg generations, and data were taken on percentage winter 
survival from row plots. Significant increases in cold resistance 
were shown for 17 of the 23 populations, demonstrating that natural 
selection pressure in the field was effective in eliminating types 
with poor winter hardiness. Progress from selection was related to 
the initial level of cold resistance in a population and the severity 
of selection pressure. In Kentucky, twenty two-parent bulks, of 
winter oats were subjected to six years of selection for winter survi­
val (Finkner, 1964). After six cycles of selection, no advancement for 
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winter survival in the populations was achieved. The author suggested 
that nonhardy plants may have been at an advantage after the initial 
stages of growth, and that selection at plant maturity could have re­
sulted in the maintenance of nonhardy types. The author noted that 
data from two locations in each year were lost because all plots were 
completely winterkilled. This indicated that experiments involving 
field evaluation of an unpredictable character such as winter survival 
should be conducted over a range of environments, locations and years 
(Marshall, 1965). 
Allogamous species 
The early development of cultivated allogamous species certainly 
involved selection. This selection was directed by both nature and 
humans over long periods of time. Crossers, especially annual types, 
do not allow the long-ter^ n maintenance of unique genotypes. Studies 
involving competitive effects within mixtures of allogamous species, 
therefore, have been limited to comparisons between mixtures and 
their components when grown in several single-year evaluations. 
Most studies have dealt with the association between the ability of a 
cultivar to yield and its capacity to influence the yield of another 
cultivar with which it is mixed. 
In mixtures of two maize hybrids, average component yields and 
mixture yields were not significantly different under same hill, alter­
nating hill, and alternating row conditions (Funk and Anderson, 1964). 
Stringfield (1959) found similar results for yield when hybrid mixtures 
of maize were compared with the average of their components grown in 
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pure stands. There was some evidence, however, that a mixture in­
volving both strong and weak rooted hybrids had less lodging than the 
mean of the two contributing hybrids, when comparisons were made in 
environments where lodging was favored. Mixtures of four or five 
single-cross hybrids showed competitive effects to be relatively unim­
portant for maize (Eberhart et al., 1964). Effects were found to be 
compensatory, but plant height and maturity differences were found to 
maximize competition. No significant differences were found between 
maize hybrid mixture yields and their midcomponent means when competi­
tive effects were analyzed by Kannenberg and Hunter in 1972. They 
suggested that natural selection in gene pools of allogamous species 
could result in higher yielding genotypes, if high yielding hybrids 
contributed more to the yield of a mixture than expected from pure 
stand data. Measurements of lodging in mixtures, however, were unre­
lated to pure stand measurements of included components (Kannenberg 
and Hunter, 1972). 
Mass Selection 
Selection based on the phenotype of an individual plant in allog­
amous species may involve both natural and technological stresses. 
This type of selection is referred to as mass selection and involves 
recombination of genotypes in each generation of selection in cross-
pollinated populations. 
Unadapted populations 
Use of mass selection has been recommended to adapt populations of 
diverse origins to new areas of the world (Eberhart et al., 1967). 
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Selection for erect, disease resistant plants with mature grain in­
creased the yield of an exotic maize population by 19%/cycle when 
grown for 10 generations in Virginia (Center, 1976). The yield of the 
population after 10 generations of selection, however, was only one-
half that of the mean of commercial checks grown in the experiment. 
Days to anthesis, grain moisture at harvest and pollen-shed-to-silk 
interval were decreased with selection for adaptation. Mass selection 
in an 18 variety cross from the race Chalqueno increased yields 10%/ 
cycle (Wellhausen, 1965). Selections were made from individual blocks 
using a Gardner (1951) grid type system (k = 2.15). Yield improvements 
were attributed to increases in plants with ear-producing tillers. In 
another study, six generations of selection for early silking (k = 2.06) 
reduced days to silk and percentage moisture at harvest of three semi-
exotic maize synthetics (Troyer and Brown, 1972). These investigators 
concluded that it was possible to use mass selection to adapt late, 
exotic materials to areas requiring earlier maturities. 
Selection for reduced ear height in two cornbelt by exotic popu­
lation crosses was evaluated after two generations (k = 0.80) (Vera and 
Crane, 1970). Ear height was reduced 4.5%/cycle, and changes for yield, 
percentage moisture, and percentage lodging were not significant. 
Compton et al. (1979) conducted three cycles of mass selection for 
adaptation and prolificacy (k = 2.06) in 10 maize populations, ranging 
from entirely exotic to completely cornbelt material. Evaluation of 
progress over two years showed significant improvement for only one 
population, when the mean yields of the first and last selection cycles 
were compared. This population was a cornbelt by exotic population 
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that produced the lowest yields before selection. Gains per cycle 
were 3.1 q/ha and.1.7 q/ha for exotic and adapted populations, respec­
tively. Increases in yield were associated with increases in plant 
and ear heights. Lonnquist et al. (1979) used mass selection to adapt 
an extremely broad genetic-based population to the entire Northern 
cornbelt region. Area adaptation was improved after four cycles of 
selection at six widely dispersed locations. The cycle showed a 
2% yield increase and a 2% reduction in grain moisture when compared 
with the CQ cycle. 
Adapted populations 
Mass selection for quantitative traits, such as yield, has received 
variable acceptance since the turn of the century. It probably was the 
most popular method used before 1900 to improve adapted populations 
(Sprague and Eberhart, 1977), but by 1925 most workers had concluded 
that is was ineffective in improving yield levels in adapted popula­
tions (Gardner, 1969). In 1948, Comstock and Robinson developed mating 
designs to estimate genetic variance components for complexly inherited 
traits. By 1955, considerable evidence suggested that mass selection 
for quantitative traits should be effective (Gardner, 1969). This 
evidence was based on the amount of additive genetic variance estimated 
for various types of populations. 
Relative efficiencies of population improvement methods also have 
been compared using computer simulation models. The model used by Choo 
and Kannenberg (1979a) involved a total of 10 loci governing a trait, 
including 20 major and 20 minor genes. Mass selection was recommended 
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over other schemes for traits with high heritabilities (0.6) because 
individual plant evaluations could allow higher selection intensities 
without increasing inbreeding depression. In a following study, simu­
lation models were used to demonstrate that only a small number of minor 
genes were lost due to genetic drift under high selection intensities 
(k = 2.06) with mass selection (Choo and Kannenberg, 1979b).. Drift 
was found to be more severe for additive gene action models than for 
completely dominant gene action models. Again, mass selection was 
recommended for use when selecting for highly heritable characters. 
Gardner (1961) described refinements that were used to increase 
gain from mass selection for yield in the maize population. Hays 
Golden. Results showed that environmental effects were minimized and 
heritability was increased when selections were made with a grid or 
blocking system under irrigation and low densities. Yield increases 
after four cycles of selection (k = 1.75) were nearly four percent per 
cycle, even though little gain was made between the first and second 
cycles. Moisture at harvest also increased at a rate of 2%/cycle. 
After six cycles of mass selection, the gain per cycle for yield had 
been reduced to 2%, and plants in advanced cycles exhibited later 
maturity and taller plant heights (Lonnquist et al., 1966). The gain 
per cycle for yield over 16 cycles, however, was nearly 3% [Gardner, 
1974), and later cycles continued to show increases in plant heights 
and delays in maturity. Evaluation of progress over several environ­
ments at more normal densities showed gains considerably lower than 
those previously reported (Mareck and Gardner, 1979). These investi-
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gators found that, in high stress environments, the original popula­
tions performed as well as the mass-selected population. The authors 
recommended that maximum response from selection would be realized if 
selection was carried out in the environment where the population would 
be used. Selection for improved grain yield also caused correlated 
increases in plant and ear height, days to flower, and grain moisture 
at harvest. 
The results of mass selection for yield in another open-pollinated 
variety, Iowa Ideal, were reported after three cycles of selection 
(Hallauer and Wright, 1967). Evaluation experiments were carried out 
at normal densities in several locations, and gain per cycle was 1.5% 
for grain yield. Selection also had increased grain moisture at har­
vest and percentage root lodging. Later, Hallauer and Sears (1969), 
reported that gains in yield per cycle were 1.5% after five and six 
cycles of selection for Iowa Ideal and Krug, respectively. Gains for 
yield over cycles, however, were not significantly different from zero. 
Ear height was increased in both populations, but no change was ob­
served for percentage stalk lodging. 
Some breeders feel that clarification of the pathways by which 
primary traits are controlled could aid in identification of important 
secondary traits and enhance selection for the primary trait (Allard 
and Bradshaw, 1964). A useful secondary trait is one that has a high 
genetic correlation with the primary trait and that has a higher herita-
bility than the primary trait (Falconer, 1960). This type of method 
gives consideration to the secondary trait in order to improve the 
primary trait and is termed indirect selection. 
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Indirect selection for grain yield, was carried out in the maize 
population Hays Golden by using the secondary trait prolificacy 
(Lonnquist, 1957). Grain yield was increased by over 6%/cycle after 
five generations of selection. Although plant height and harvest mois­
ture were increased with this method, they were changed less by indirect 
selection than by direct selection. In a later paper, selection for 
yield and indirect selection for prolificacy in the population Hays 
Golden were again compared (Mareck and Gardner, 1979). Ten cycles of 
selection for prolificacy were about as successful in increasing yield 
as were 15 cycles of mass selection for high grain yield. In addition, 
increases in plant and ear height were smaller with indirect than with 
direct selection. Indirect selection did not change the maturity of 
Hays Golden as measured by days to flower and harvest moisture. 
Ear length is another trait that has been used to select indirectly 
for yield in maize (Cortez-Mendoza and Hallauer, 1979). Improvements 
in yielding ability did not accompany increases in ear length, however, 
over 10 cycles of selection in the population, Iowa Long Ear Synthetic. 
The lack of correlated improvements in grain yield was attributed to a 
negative correlated response between ear length and kernel depth. The 
population had, however, become taller in height and later in days to 
silk. 
Cold Tolerance 
Cold tolerance can be defined as the ability of a cultivar to 
germinate and emerge rapidly and to grow normally in cold wet soils 
(Mock and Eberhart, 1972). A cultivar's tolerance to these conditions 
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can move the inception of the growth cycle earlier thereby: i) pro­
ducing shorter plants with less lodging, ii) avoiding pollination 
during the usual periods of high temperature and low moisture stress 
in August, iii) utilizing the long light days of the summer for grain 
filling, and iv) allowing the early harvest of dry grain (Mock and 
McNeill, 1979). Cold tolerance is a quantitatively inherited trait 
(Haskell and Singleton, 1949; Grogan, 1970), which may show maternal 
or cytoplasmic effects (Pinnell, 1949; Grogan, 1970; McConnell and 
Gardner, 1979a). Gene action of cold tolerance traits has been shown 
to be mostly additive (Grogan, 1970; McConnell and Gardner, 1979b), and 
the traits percentage emergence, emergence index, and seedling dry 
weight were found to be highly heritable in representative stocks of 
North American maize germplasm (Mock and McNeill, 1979). 
Mock and Eberhart (1972) used estimates of genetic variance to pro­
ject that improvement for cold tblerance should be possible within 
adapted maize populations. McConnell and Gardner (1979b) evaluated six 
maize inbred lines and all possible and their populations. Suf­
ficient genetic variation was found for the traits germination, field 
emergence and seedling vigor to permit good selection advance. After 
an initial screening of 464 inbred lines of maize for germination and 
seedling vigor, Grogan (1970) selected inbreds representing extremes 
in performance, to produce parent, F^ , F^ , and backcross generations. 
Additive effects were found to be important, and the author suggested 
that recurrent selection should be an effective method for improvement 
of cold tolerance. 
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In 1976, Mock and Bakri reported the results of a recurrent 
selection program for cold tolerance in two adapted maize synthetic 
populntionr:. oft ion cxpnrimoiitM worn pinntod .in cnr ly .iti i)0!ir. Iblc 
in the spring. Data were collected on S^ 's per se, and selection was 
based on a selection index of percentage emergence, emergence index 
and seedling dry weight. Consistent progress was found for percentage 
emergence and seedling dry weight in one population. McConnell and 
Gardner (1979a) also used two adapted maize synthetic populations to 
evaluate selection for germination at a constant temperature of 7.5°C 
in the laboratory and agronomic traits after transplanting to the field. 
Significant improvement for percentage germination was demonstrated after 
four cycles of selection when the populations were evaluated at 7.5°C 
in the laboratory. However, cold tolerance under field conditions was 
not improved. 
Genotype by environment interaction is extremely important in the 
appraisal of a cultivar's ability to grow under cold conditions (Mock 
and Eberhart, 1972; Mock and Bakri, 1976; Mock and McNeill, 1979). There 
is a definite need to select and evaluate for cold tolerance in several 
environments because of the variable nature of minimum and maximum air 
and soil temperatures and of precipitation levels in the spring in local 
areas. McConnell and Gardner (1979a) suggested that field evaluation 
in their area would be effective in only one out of four or five years. 
Mock (1979) concluded that selection in several environments was neces­
sary for characterization of cold tolerance. He also observed that 
several locations in a single year would be most efficient for selection 
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progress over cycles. However, large genotype by year interactions in 
his study made it necessary to recommend collection of data over several 
years. 
Density Tolerance 
Increases in planting rates of maize were an important factor 
contributing to the yield increases realized over the past two decades 
in the U.S. Corn Belt (Jugenheimer, 1976). Plant densities have in­
creased as agronomic technology has been improved. Heavier fertilizer 
rates, improved weed control, and better hybrids, for example, have 
permitted the use of thicker plant densities (Rutger and Crowder, 1967). 
Russell (1974) evaluated the improvement of maize by comparing 
representative hybrid's from each decade from 1930 to 1970 at three plant 
densities (i.e., 29.7, 44.5, and 59.3 M plants/ha). Russell (1974) 
suggested that the advantage of recent hybrids was due to improved — 
genotypes responding to improved field husbandry. Hybrids produced after 
1960 were more density tolerant than were the hybrids developed during 
earlier decades. Duvick (1976) assessed the differences among 50 single 
crosses created from inbred lines that also were used commercially in 
the U.S. Corn Belt during this same period. Recently introduced hybrids 
produced higher grain yields and displayed less lodging and barrenness 
than did older hybrids and these differences were accentuated at high 
densities (66 M plants/ha). 
Barrenness often is used as a criterion to classify a genotype's 
tolerance to high plant densities because it is a major factor limiting 
grain yields at high densities (Russell and Teich, 1967; Buren et al.. 
19 
1974). The association between barrenness and performance at high 
plant densities has been well-demonstrated by several investigators 
(Pendleton and Seif, 1961; Woolley et al., 1962; Andrew, 1967). Collins 
et al. (1965) reported a strong negative relationship between prolificacy 
and number of barren stalks at higher densities. Lang et al. (1956) 
showed that prolific maize hybrids had less barrenness than nonprolific 
hybrids at 59.3 M plants/ha. Rutger and Crowder (1967) presented evi­
dence demonstrating that density-tolerant hybrids were more prolific 
and produced more ears per 100 stalks at high densities than den­
sity-intolerant hybrids. Several other investigations also have shown 
decreases in ears per 100 plants with increased planting rates (Zuber 
et al., 1960; Troyer and Brown, 1972), and ears per plant was found to 
be the yield component most influenced by varying densities (Lang et 
al., 1956). 
The interval between anthesis and silking has been related to bar­
renness under stress conditions (Russell and Teich, 1967) and has been 
shown to lengthen as plant density is increased (Woolley et al., 1962; 
Troyer and Brown, 1972). Pollen-shed-to-silking interval is highly 
correlated with barrenness (r = 0.76 to 0.89 in three different experi­
ments) at high plant densities (98.8 M plants/ha) (Buren et al., 1974). 
Kohnke and Miles (1951) showed that silking dates of maize hybrids be­
came later as plant density levels were increased. Regression values 
indicated that silk delay increased one day per 10.0 M added plants as 
densities were increased from 9.7 M plants/ha to 68.0 M plants/ha. 
Rapid silk extrusion also has been suggested as a useful trait to use 
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in identification of density tolerant types (Buren et al., 1974). 
In several studies, percentage lodging was increased and stalk 
diameters were decreased as plant densities were increased (Zuber et al., 
1960; Termunde et al., 1963; Rutger and Crowder, 1967). Allison (1969) 
showed that stem weight began to decrease in denser plantings three to 
four weeks after flowering. In one study,density-intolerant maize 
genotypes displayed a 200% increase in percentage stalk lodging for each 
10.0 M plants/ha increment from 19.5 to 39.5 M plants/ha (Zuber and 
Grogan, 1956). Increased ear height (Rutger and Crowder, 1967), re­
duced grain moisture at harvest (Zuber et al., 1960) and relatively 
more post-flowering dry matter accumulations in the grain (Allison, 
1969) also have been associated with high plant densities. 
Yield responses in maize hybrids have been shown to be similar 
under conditions of high plant densities or low light intensities in­
dicating that efficiency of light interception and use was related to 
density tolerance (Stinson and Moss, 1960). The investigators tested 
six and five hybrids previously delineated as tolerant and intolerant, 
respectively, to high plant densities. Tolerant hybrids produced higher 
grain yields and less barrenness than did intolerant hybrids, when 
materials were evaluated under a shade tent. Barley et al. (1966) also 
found hybrids tolerant of high rates of planting produced higher yields 
under artificial shade than did intolerant types. Pollen-shed-to-silking 
intervals and plant and ear heights ware increased in shaded plantings. 
Shade applied during the reproductive stage of growth was found to be 
more detrimental to maize production than was shade during vegetative 
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growth (Earley et al., 1967). 
Improvements in cultural practices could continue the trend toward 
higher commercial planting densities. Selection at high densities 
should provide material that will be superior at current density levels 
and at increased levels in the future (Subandi and Compton, 1974). 
Russell and Teich (1967) compared visual evaluation of inbred line per­
formance and selection based on their testcross performances carried out 
in low and high plant densities. Progress due to selection was assessed 
at two densities. Groups of lines selected in dense plantings showed 
lower yield reductions under stresses imposed by high density evalua­
tions than did lines selected at low plant densities. Visual selection 
of inbred lines in high plant densities was equal to or better than 
selection based on testcross performance (Russell and Teich, 1967). 
Russell (1969) selected on the basis of testcross performance for 
three generations at low and high plant densities. Results showed 
that high density selections produced larger grain yields when evaluated 
at medium and high planting levels than did the low density selections 
(Russell, 1969). Fewer barren plants were found in the testcrosses of 
lines selected at high densities. El-Lakany and Russell (1971) evalu­
ated the testcross performance of inbred lines previously delineated by 
Russell and Teich (1967) as tolerant or intolerant to high plant densi­
ties. Experiments grown at three plant densities showed that testcros­
ses of tolerant lines were higher yielding than were those of intolerant 
lines, and differences were larger at the high density (59.5 M plants/ 
ha). Pollen-shed-to-silking interval was greater for the intolerant 
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group, and ears per 100 plants influenced grain yield performance at 
the high densities more than did other traits. 
23 
MATERIALS AND METHODS 
Plant Materials 
The breeding populations used in my study were the maize synthetics 
BS2 and BS3. BS2 was synthesized by Dr. A. R. Hallauer in an attempt 
to adapt the Eto Composite from Colombia, South America to the central 
Corn Belt (Hallauer and Sears, 1972). The Eto Composite was crossed 
with six relatively early inbred lines (A251, A554, A575, A619, Mt42, 
ND203). The six population by inbred crosses were intermated in all 
possible combinations and subsequently random mated for three genera­
tions to produce the BS2 breeding population. BS3 was developed by Dr. 
S. A. Eberhart from 19 synthetics and 2^ • lines from various locations in 
the United States and Canada (Table 1). 
In 1974, 1975 and 1976 the two synthetic populations were grown at 
three locations (Waseca, Minnesota; Ames, Iowa; Portageville, Missouri). 
Selection experiments were planted as early as possible each year in an 
effort to subject the experimental materials to cold soil and air temper­
atures. The experiments also were planted at high plant densities for 
the regions to apply selection pressure for reduced lodging and other 
traits associated with density tolerance (Table 2). The synthetics were 
planted in isolation and well-filled ears were harvested only from 
standing plants. The selection intensity for standing plants was approxi­
mately 3%. Equal quantities of seed from each selected ear were bulked 
and used to plant the isolation for the next cycle of selection. A 
portion of each bulk was saved in cold storage. 
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Table 1. Materials used in the formation of BS3 a broad genetic 
based synthetic 
Entries Description 
BSBB 
BSTL 
BSSS(HT)Cr 
Iowa forty-four elite line synthetic 
Iowa (Tuxpeno x Lancaster ^  ) 
synthetic 
Iowa Stiff Stalk Synthetic after 
seven cycles of half-sib selection 
using la 13 as tester 
BSSS(R)C, Iowa Stiff Stalk Synthetic after five 
cycles of reciprocal recurrent 
selection with BSCBl 
BSSS2 Iowa Stiff Stalk Synthetic #2 derived 
from the cross of BSSS(R)C^  by BSSS 
(HT)C^ 
BS10(FR)C, 
BSCB3(S)C, 
BSTE after one cycle of reciprocal 
full-sib selection for yield with BSll 
Iowa sixteen line synthetic after one 
cycle of S^  selection for first brood 
corn borer resistance 
VCBS(S)C„ Virginia Corn Belt-Southern Synthetic 
after four cycles of S^  selection for 
yield  ^
NSSC, Nebraska Stiff Stalk Synthetic 
NBC, Nebraska B Synthetic containing 25 
miscellaneous inbred lines 
BSCB4(SK crosses) Iowa Synthetic A crossed to BS8 after 
Iowa Synthetic A had undergone, three 
cycles of recurrent selection for 
first brood corn borer resistance 
BSCB5(SK crosses) Iowa Synthetic B crossed to BS8 after 
Iowa Synthetic B had undergone three 
cycles of recurrent selection for 
first brood corn borer resistance 
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Table 1. (continued) 
Entries Description 
BSCB9(SK crosses) 
BSL(SD)C^ (SK crosses) 
BS20(SK crosses) 
B52(SK crosses) 
BS12(HT)Cg(SK crosses) 
MO-CRW 
Illinois Stalk Rot Synthetic 
OhlSHt 
Iowa inbred line bulk 
Ohio inbred line bulk 
Nebraska inbred line bulk 
Indiana inbred line bulk 
Composite synthetic of BSCB6, BSCB7, 
and BSCB8 crossed to BS8 
Lancaster Surecrop crossed to BS8 
after Lancaster Surecrop had undergone 
four cycles of half-sib selection for. 
stalk rot resistance using an inbred 
Hy as tester 
Iowa twelve line synthetic with good 
rootworm tolerance crossed to BS8 
Iowa inbred line crossed to BS8 
Alph population crossed to BS8 after 
Alph had undergone five cycles of half-
sib selection using inbred B14 as 
tester 
Missouri corn rootworm synthetic 
Medium maturity synthetic mass 
selected for Diplodia stalk rot 
resistance 
Ohio inbred line converted to 
HeIminthosporium turcicum resistance 
B68, B69, B72, B73 
0h508, 0h509, OhSlO 
N7B, N28, N31, NlOl, N103, N104, N138 
H60, H84, H88, H91, H92, H93, H94, H96 
Table 2. Dates of planting and planting densities for BS2 and BS3 over three cycles of mass 
selection for cold tolerance and density tolerance in three areas of the Corn Belt 
Cycle Year Region Planting date Planting density^  
1^ 1974 Northern (Waseca, MN) 
5/3 118,608 
Central 
(Ames, lA) 
3/27 116,137 
Southern 
(Portageville, MO) 
4/1 44,478 
S 1975 Northern (Waseca, MN) 
5/16 148,260 
Central 
(Ames, lA) 
4/30 148,260 
Southern 
(Portageville, MO) 
4/18 74,130 
C3 1976 Northern 
(Waseca, MN) 
5/3 143,318 
Central 
(Ames, lA) 
3/23 143,318 
Southern 
(Portageville, MO) 
4/8 74,130 
dumber of seeds planted per hectare. 
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In 1977, all entries were grown in 40 row blocks at Ames. 
Entries were recombined by chain-sibbing 10 plants per row within 
each 40 row block. Thus, approximately 400 plants were intermated 
for each entry in the same environment to minimize seed quality 
differences among cycles selected at different locations. 
Cultural practices at the selection sites and locations of 
evaluation were similar. Approximately 180 kg/ha of nitrogen was 
broadcast before the land was prepared for planting, and normal 
herbicide levels were used, including pre- and post-emergence appli­
cations in some areas. Chemical weed-control agents were supplemented 
by cultivation in early June and by hand weeding through the growing 
season. 
Experimental Procedures 
Cold tolerance traits 
The CQ to Cg entries, for both populations from each of the 
three regions, were evaluated for the cold tolerance traits percentage 
emergence, emergence index, and seedling dry weight (Table 3). Twenty-
one seeds of the 20 entries were planted in single-row plots (4m long 
and spaced 76 cm apart) with four replications on 15 April 1978 and 
23 April 1979 at the Agronomy and Agricultural Engineering Research 
Center near Ames, Iowa. Due to heavy rains and severe washing, data 
were collected from only two replications in 1978. 
The traits measured in 1978 and 1979 were used to evaluate cold 
tolerance of the 20 entries. 
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Entries used in evaluation experiments in 1978 and 1979 that were developed from BS2 
and BS3 by three cycles of selection in each of three regional areas 
Population Site representing regional area Cycle of selection 
BS2 Original population 
Ames, Iowa 
I S S 
Portageville, Missouri 
S 1 
I 
S 
Waseca, Minnesota 
S 
S 
BS3 Original population C. 1 u 
Ames, Iowa 
2^ 
S I 
Portageville, Missouri 
C 2 
3^ 
Waseca, Minnesota C 
I 1 S 
S 
ro 
CO 
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Percentage emergence Thirty days after planting, I recorded 
the number of plants emerged in each plot and expressed the data as a 
percentage of the total number of seeds planted. 
Emergence index An estimate of the emergence rate was calcu­
lated, after recording the number of plants emerged on an every-other-
day basis for the 30 day period after planting, by using the following 
formula (Smith and Millett, 1964; Mock and Bakri, 1976): 
_ E(number of plants emerged on a.day)(days after planting) 
Total number of plants emerged, 30 days after planting 
Seedling dry weight Forty-five days after planting, 10 plants 
from each plot were sampled by severing their stems at the soil surface. 
Seedlings were dried to a constant moisture at 83 C, and dry weight/10 
plants was recorded for each plot (g/10 plants). 
Plant, flowering, and harvest traits 
Data for plant, flowering and harvest traits were taken in 1978 
and 1979 at Waseca, Minnesota; Portageville, Missouri and at three loca­
tions in Iowa. Entries used were identical to those described in 
Table 3. Unfortunately, both experiments were lost at Portageville, 
Missouri due to spray damage from adjacent fields in 1978 and to severe 
rains and temporary flooding that occurred both years. The traits 
measured at each location and their units are presented in Table 4. 
The original populations (CQ) plus through cycles from each region 
were grown in a split-split plot design with three replications. Dates 
of planting were main plots. Plant densities were the subplots and 
original and advanced cycles for the two populations were the sub-sub-
Table 4. Traits measured in each evaluation environment and their units 
of measurement 
Traits Units of measure 
Plant 
• Plant height 
Ear height 
Percentage lodging 
Flowering 
Silking date 
Date of anthesis 
PS 
Harvest 
Grain yield 
Ears per 100 plants 
Grain moisture at harvest 
Harvest index 
cm 
cm 
Lodged plants at harvest (%) 
Days from July 1 to 50% silk-emergence 
Days from July 1 to 50% pollen-shed 
Pollen-shed-to-silking interval (days) 
q/ha 
Percentage 
Grain yield per plant/total dry matter 
per plant (%) 
Ears combined and grain yields expressed at 15.5% moisture. 
E^ars were hand-harvested, dried to constant moisture, shelled and 
weighed. 
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Waseca, MN 
1978 1979 
Sutherland, lA 
1978 1979 
Ames, IA 
1978^  1979^  
Beaconsfield, lA 
1978 1979 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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plots. The experiments were planted as early as possible in the spring 
and later at a more normal date. Four-row sub-subplots were used in 
Ames, with three-row sub-subplots at all other locations. Rows were 
6 m long with 76 cm between rows at all locations, except at Beaconsfield, 
Iowa where row widths were 97 cm. Plant densities were approximately 
45,000 pl/ha (low density) and 90,000 pl/ha (high density) after thin­
ning in all locations, with the exception of Waseca, Minnesota, where 
densities were somewhat higher (Table 5). 
The original and advanced cycles were evaluated for plant, 
flowering and harvest traits at each date of planting and each plant 
density. 
Plant traits 
Plant and ear heights Plant and ear heights were measured on 
five competitive plants in an outside row of each sub-subplot as dis­
tances in cm from the soil surface to the collar of the flag leaf and 
to the point of primary ear attachment, respectively. 
Percentage lodging On the day of harvest, combined root and 
stalk lodging counts were recorded for the center row(s) in each sub-
subplot. Plants broken below the ear or inclined more than 30° from 
vertical were counted as lodged. The total number of plants lodged per 
sub-subplot was divided by the stand count and expressed as a percentage. 
Flowering traits 
Dates were recorded when 50% of the plants in the first row of each 
sub-subplot displayed silk extrusion and dehiscent anthers at least 
Table 5. Dates of planting and plant densities for evaluation trials of entries grown at 
four locations in 1978 and 1979 
Plant density^  
Year Location 
Planting date 
Early Late 
Low 
density 
High 
density 
1978 Waseca, Minnesota 5/4 5/23 51,666 103,332 
Sutherland, Iowa 4/13 5/16 45,207 90,414 
Ames, Iowa 4/15 5/12 45,207 90,414 
Beaconsfield, Iowa 4/7 5/11 44,189 88,375 
1979 Waseca, Minnesota 5/15 6/4 51,666 103,332 
Sutherland, Iowa 4/24 5/23 45,207 90,414 
Ames, Iowa 5/5 5/21 45,207 90,414 
Beaconsfield, lA 4/24 5/12 44,189 88,375 
S^ubplot densities after thinning. 
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half-way down the central tassel branch. These data were used to 
express silking dates and dates of anthesis in days from July 1. I 
calculated pollen-shed-to-silking interval (PS), by subtracting the 
date of anthesis from the silking date, to obtain a measure of the 
coincidence of anthesis and silk emergence for a sub-subplot. 
Harvest traits 
Grain yield Ears were harvested from the center row (left-
center row at Ames, Iowa) of each sub-subplot. The end hills in each 
sub-subplot were not harvested. Ears were shelled by a mechanical 
harvester, and grain yield was adjusted to 15.5% moisture at Waseca, 
Minnesota and Ames and Beaconsfield, Iowa in 1979. At other locations, 
ears were dried to a constant moisture, shelled and weighed. All sub-
subplots at a location were harvested by the same method within a 
given year (Table 4). Sub-subplot yields were multiplied by the number 
of sub-subplots per hectare to estimate grain yield (q/ha). 
Ears per 100 plants The number of ears was divided by the 
number of plants in the yield row (minus end-hill plants) and multiplied 
by 100 to calculate the number of ears per 100 plants. 
Grain moisture at harvest When plots were shelled by a mechani­
cal harvester, grain moistures were estimated with a portable Dickey-
John moisture meter. Grain moistures of sub-subplots at harvest were 
used as a measure of relative maturity. 
Harvest index The right-center row of each sub-subplot was 
used to estimate dry matter per plant at the Ames location in 1978 and 
1979. Eight plants were cut at the soil surface, chopped, dried to 
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constant moisture, and weighed. These values were divided by eight to 
obtain dry matter per plant (g). Grain yield per plant, which was 
measured on the left-center row of the same sub-subplots, was divided 
by dry matter per plant to give harvest index estimates (%). 
Statistical Analyses 
Cold tolerance traits 
The data for cold tolerance traits were analyzed for each individ­
ual year using a model appropriate for a randomized complete block 
design (Steel and Torrie, 1960). Entries were considered fixed 
effects. The linear model for this analysis was: 
Y.. =m+P. +R. +E.. 
1] 1 ] 1] 
where 
= observed value of the ij^  ^plot 
m = experiment mean 
= effect of the i^  ^entry, i = 1,...,20 
Rj = effect of the replication 
= error associated with the ij observation 
The individual analysis of variance is shown in Table 6. The 
effect due to entries was partitioned into seven nonorthogonal com­
ponents. The following coefficients were used to obtain these com­
ponents . 
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Table 6. Components of the individual analyses of variance for 
original and advanced cycles produced by mass selection at 
three regional sites 
Source df E(MS)^  
Replications (R) r-1 
Entries (P) p-1 
BS2 vs BS3 1 
Cycles^  (linear) 6 
BS2, northern region 1 
BS2, central region 1 
BS2, southern region 1 
BS3, northern region 1 
BS3, central region 1 
BS3, southern region 1 
Lack of fit 12 
Error (r-l)(p-l) 
R^eplications were random; entries were fixed. 
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Entries^  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
BS2 vs BS3 1 1 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
Cycles of selection^  
BS2, Northern region-3 0 0 0 0 0 0 -11 3 0 0 0 0 0 0 0 0 0 0 
BS2, Central region -3-11 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BS2, Southern region -3 0 0 0 -11 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
BS3, Northern region 0 0 0 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 -1 1 3 
BS3, Central region 0 0 0 0 0 0 0 0 0 0 — 3 -1 1 3 0 0 0 0 0 0 
BS3, Southern region 0 0 0 0 0 0 0 0 0 0 -3 0 0 0 -1 1 -3 0 0 0 
F-tests were performed to test the null hypothesis for the absence of 
variation due to the different sources. 
Linear regression coefficients for comparisons between synthetics 
and for responses to selection at the three regional sites within each 
synthetic were calculated. Standard errors of b-values were estimated 
by the formula (Draper and Smith, 1965): 
s.e.(b^  .) -y(c.,)(a|) 
where 
b. = linear regression coefficients between populations and for 
 ^ responses to selection at three regional sites within each 
population 
c.. = the diagonal element of the (x'x) ^.matrix corresponding to 
th 
the i variable 
E^ntry descriptions were presented in Table 3. 
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OQ = error mean square from the analysis of variance 
n = the number of observations per entry 
The null hypothesis = 3Q = 0) was tested by comparing 
b. 
calculated t-values (t = ) with tabular t-values. 
s.e.ltuj 
An analysis of variance over years was performed for each cold 
tolerance trait using a model appropriate for a randomized complete 
block design (Steel and Torrie, 1960). Years were considered random 
effects, and entries were considered fixed effects. The linear 
model used for these analyses was: 
i^jk = ™ + E. + (R/E).. + 
where 
= observed value of the ijk^  ^plot 
m = experiment mean 
Ej, = effect of the i^  ^year; i = 1, 2 
(R/E).. = effect of the replication within the i^  ^year; j = 1,2 
(1978) and j = 1, 2, 3, 4 (1979) 
P = effect of the k^  ^entry (i.e., original and advanced cycles 
from three selection regions for two populations); 
k = 1,...,20 
E... = error associated with the ijk observation i]k 
Components of the combined analysis of variance are shown in Table 
7. The entry source of variation was partitioned into seven non-
orthogonal components. F-tests were performed in à manner similar 
to that for the individual analyses. Examination of the expected mean 
squares indicated that there were direct tests for sources of variation 
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Table 7. Components of the combined analysis of variance for original 
and advanced cycles produced by mass selection at three 
regional sites 
Source df E(MS)^  
Years (E) e-1 
Replications/E e(r-l) 
Entries (P) p-1 + r(EP) + er(P') 
BS2 vs BS3 1 
Cycles^  (linear) 6 
BS2, northern region 1 
BS2, central region 1 
BS2, southern region 1 
BS3, northern region 1 
BS3, central region 1 
BS3, southern region 1 
Lack of fit 12 
E X P (e-l)(p-l) + r(EP) 
Error e(r-l)(p-l) 
Total erp-1 
Y^ears and replications were random; entries were fixed. 
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due to entries and the interaction term of years x entries. Linear 
regression coefficients were calculated to estimate changes over 
cycles of selection. 
The L.S.D. (Fisher, 1951) was used to compare means at the 0.05 
level of significance. L.S.D.'s for mean comparisons were calculated 
as follows : 
L.S.D. = t '  ^M 
where n is the number of observations included in the mean and t 
depends on the probability level and the degrees of freedom for the 
 ^o 
error mean square (cJe)- These values were us?d to test differences . 
between means for main and interaction effects that showed significant 
F-tests (Cochran and Cox, 1957). 
Plant, flowering and harvest traits 
A combined analysis of variance over all environments for each 
trait was calculated. Sums of squares were partitioned so that years 
and locations could be considered separately. Locations were con­
sidered fixed effects, and years were considered random effects. A 
randomized complete block design with a split-split-plot arrangement 
was used for the analyses. The linear model used was: 
= M + E. + L. + (ED^^ + (R/ED.J^ + + CED)^JJ + 
<LD).^ + (ELD). .J + T T (EH)J^^ T (LM).^ + 
+ (EDN).J^ + (LDN).J^ + (ELDH). + 
+ "n + + (LP)]. + + ("'mn + 
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(ELP) .  +  (EDP),J^  + (LDP)J%N T (ELP) .^„  + 
(EDP)i,^  + (LDP).,^  + (ENP).^  ^+ (LHP).„„ + (DNP),^ „ + 
(ELDP). . J„  + <ELNP). .^O •>• (EDNP).J_^^ T (LDNP).^^  + 
<E^ ™?'ljlllim * ''ijkîmn 
where 
Y • . th i]k&mn = observed value of the ijk£mn sub-subplot 
m = experiment mean 
= effect of the i^  ^year; i = 1,2 
L. = effect of the location; j = 1,2,3,4 (for the trait 
 ^ grain yield) and j =1,2,3 (for all other harvest and 
plant traits) 
(EL).. = interaction effects of the i^  ^year with the 
location 
(R/EL).., = effect of the replication within the i^  ^year and 
th j location; k = 1,2,3 
= effect of the 2^  ^date of planting level; 2 = 1,2 
(ED)^  ^= interaction effects of the i^  ^year with the date 
of planting level 
(LD).g = interaction effects of the location with the 2^  ^
 ^ date of planting level 
(ELD). .Q = interaction effects of the i^  ^year and location 
th 
with the Z date of planting level 
'^ijki, ~ main-plot error (error a) 
= effect of the plant density level; m = .1,2 
(EN). = interaction effects of the i year with the plant 
density level 
(LN). = interaction effects of the location with the m^  ^
plant density level 
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(DN)Q = interaction effects of the Z date of planting level 
th 
with the m plant density level 
(ELN).. = interaction effects of the i^  ^year and location 
th 
with the m plant density level 
(EDN).„ = interaction effects of the i^  ^year and date of 
 ^ th planting level with the m plant-density level 
(LDN).n = interaction effects of the location and date of 
 ^ th planting level with the m plant-density level 
(ELDN)... = interaction effects of the i^  ^year, location and 
13 th 
Z date of planting level with the m plant-density 
level 
i^jk£m ~ error (error b) 
P = effect of the n^  ^entry (i.e., original and advanced 
" cycles from the three regional selection sites for 
BS2 and BS3); n = 1,...,20 
(EP). = interaction effects of the i^  ^year with the n^  ^
entry 
(LP). = interaction effects of the location with the n^  ^]n . 
entry 
(DP)o = interaction effects of the date of planting level 
th 
with the n entry 
(NP) = interaction effects of the plant density level with 
th . 
the n entry 
(ELP).. = interaction effects of the i^  ^year and location 
th 
with the n entry 
(EDP).. = interaction effects of the i^  ^year and date of 
ix,n th 
planting level with the n entry 
(LDP).. = interaction effects of the location and date of 
 ^ th planting level with the n entry 
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(BNP). = interaction effects of the i^  ^year and plant 
th density level with the n entry 
(LNP). = interaction effects of the location and plant 
. th density level with the n entry 
(DNP) n  = interaction effects of the 2^  ^date of planting level 
th th 
and m plant density level with the n entry 
(ELDP)..„ = interaction effects of the i^  ^year, location and 
th th 
& date of planting level with the n entry 
(ELNP).. = interaction effects of the i^  ^year, location and 
th th 
m plant density level with the n entry . 
(EDNP).„ = interaction effects of the i^  ^year, date of 
1 jvTnn *tli 
planting level and m plant density level with the--
th 
n entry 
(LDNP).„ = interaction effects of the location, date of 
]£mn th 
planting level and m plant density level with the 
th 
n entry 
(ELDNP)..n = interaction effects of the i^  ^year, location, 
ÏJ icnin 
date of planting level and m plant density level with 
the n^  ^entry 
i^jk&mn ~ sub-subplot error (error c). 
Components of the combined analysis of variance are shown in 
Table 8. Errors b and c were split into their individual components, 
and all nonsignificant interactions were then pooled into the appro­
priate error terms. Pooled error mean squares were used in F-tests. 
Sums of squares for entries were partitioned into seven nonorthogonal 
contrasts (Table 9). Linear regression coefficients, for compari­
sons of performance between populations and over selection cycles 
within each population, and their standard errors were calculated. 
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Appropriate L.S.D. values were used to test differences between 
for main and interaction effects that showed significant F-tests 
(Cochran and Cox, 1957). 
Table 8. Components of the combined analysis of variance for date of 
planting, plant density and entry analyses of plant, 
flowering and harvest traits 
df 
Plant Flower-
traits ing 
, and traits. 
Source GY E100° and HI GM 
Years (E) (e-1) 1 1 1 0 
Locations (C) (c-1). 3 2 0 2 
E X C (e-l)(c-l) 3 2 0 0 
Replications/E x C ec(r-l) 16 12 4 6 
Dates.(D) (d-1) 1 1 1 1 
E X D (e-l)(d-l) 1 1 1 0 
C X D (c-l)(d-l) 3 2 0 2 
E X C X D (e-l)(c-l)(d-l) 3 2 0 0 
Error a ec(r-l)(d-l) 16 12 4 6 
Densities (N) (n-1) 1 1 1 1 
E X N (e-l)(n-l) 1 1 1 0 
C X N (c-l)(n-l) 3 2 0 2 
D X N (d-l)(n-l) 1 1 1 1 
E X C X N (e-l)(c-l)(n-l) 3 2 0 0 
E X D X N (e-l)(d-l)(n-l) 1 1 1 0 
C X D X N (c-l)(d-l)(n-l) 3 2 0 2 
E X C X D X N (e-l)(c-l)(d-l)(,n-l) 3 2 0 0 
(R/E X C) X N ec(r-l)(n-l) 16 12 4 6 
Y^ears were random and locations, dates, densities, and entries 
were fixed. ^ Grain yield. °Ears/100 plants. "^ Harvest index. ®Grain moisture. 
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E(MS)^  
2 2 ZD 
at + rcnpOcD + 
a| + rcnpalo 
2 2 Z(CD): 
a| + rnpOtcD + ^ "^P(c-i)(d-l) 
a| + rnpa|cD 
a| 
; *3 + dpG:a/2c)N + rcdpo:^  + recdp(g9l_ 
*b + aPO(R/EC)N + r=dP°ÊN 
+ '^ P^ U/EON ^^ P°ECN ^  ^ ^^ P(c-l)(n-l) 
"A + rcPoloK + '^ °°P(d-i)(n-l) 
+ dpO(%/Ec)N •*• ^^ P°ECN 
< + ^ °P^ EDN 
,2 .2 Z(CDN)2 
P^^ ECDN •*• '^G^ (c-l)(d-l)(n-l) 
®b P^^ ECDN 
+ apG:R/EC)N 
Table 8. (Continued) 
df 
Source GY 
Plant 
traits 
and 
ElOO 
Flower­
ing 
traits 
and HI GM 
(R/E X C) X D X N ec(r-l)(d-1)(n-1) 16 12 4 6 
Entries (P) (p-1) 19 19 19 19 
E X P (e-l)(p-l) 19 19 19 0 
C X P (c-l)(p-l) 57 38 0 38 
D X P (d-l)(p-l) 19 19 19 19 
N X P (n-1)(p-1) 19 19 19 19 
E X C X P (e-l)(c-l)(p-l) 57 38 0 0 
E X D X P (e-l)(d-l)(p-l) 19 19 19 0 
C X D X P (c-l)(d-l)(p-l) 57 38 0 38 
E X N X P (e-l)(n-l)(p-l) 19 19 19 0 
C X N X P (c-l)(n-l)(p-l) 57 38 0 38 
D X N X P (d-1)(n-1)(p-1) 19 19 19 19 
E X C X D X P (e-l)(c-l)(d-l)(p-l) 57 38 0 0 
E X C X N X P (e-l)(c-l)(n-l)(p-l) 57 38 0 0 
E X D X N X P (e-l)(d-l)(n-l)(p-l) 19 19 19 0 
C X D X N X P (c-l)(d-l)(n-l)(p-l) 57 38 0 38 
E X C X D X N X P (e-l)(c-l)(d-l)(n-l)(p-l) 57 38 0 0 
(R/E X C) X P ec(r-l)(p-l) 304 228 76 114 
(R/E X C) X D X p ec(r-l)(d-l)(p-l) 301+ 228 76 114 
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E(MS) 
2 2 P SP ^ 
°o + dn°(R/EC)P + ''=°'^ "(FI)-
"o + ^ ""(R/EOP + PcdnoZp 
a| + dno:g/2c)p + ''®'^ "(o-l)(p-l) 
2 2 2 Z(DP)^  
Oc + "0(R/EC)DP c^^ °EDP ^^ c"Xd-l)(p-l) 
+ 'î°â/EC)NP ^  rcdo'xp + recd_ra^  
CJ| + dno^ p/j,j.)p 
Oc * '«'(R/EC)DP * '^"""EDP ^ 
o| + no^ g/EOQp '*' ''""eCDP * ^ "^(c-l)(d-l)(p-i) 
°c + dO(%/2C)NP "*• °^^ °ENP 
of + dof.+ rdof... + red? :(C»P)= 
'(R/EC)NP "ECNP (c-l)(n-l)(p-l) 
,2 2 . ___ E(DNP)2 
+ rcOEDNP + r==(d_l)(n-l)Cp_l) 
Oc + nO(2YEG)QP + rnOg^ DP 
Oc + ^ 0(R/EC)NP •*" 
""c + rcoZQHP 
- 2 ^ 2  ^  Z(CDNP)2 
G *^ECDNP (c-l)(d-l)(n-l)Cp-l) 
+ ^ °ECDNP 
+ 4*0(R/EC)P 
Oc + no:(%yEc)Qp 
Table 8.(Continued) 
df 
Plant Flower-
traits ing 
and traits 
Source GY ElOO and HI GM 
(R/E X C) X N X P ec(r-l)(n-l)(p-l) 304 228 76 114 
(R/E xC) X D  X N x P  e c ( r - l ) ( d - l ) ( n - l ) ( p - l )  3 0 4  2 2 8  7 6  1 1 4  
E(MS) 
+ ^ (^R/ec)NP 
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Table 9. Nonorthogonal contrasts for plant, flowering and harvest 
traits from the combined analysis of variance 
Source df 
Entries (P) 19 
BS2 vs BS3 1 
Cycles^  (linear) 6 
BS2, northern region 1 
BS2, central region 1 
BS2, southern region 1 
BS3, northern region 1 
BS3, central region 1 
BS3, southern region 1 
Lack of fit 12 
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RESULTS 
Cold Tolerance Traits 
Analyses of variance for cold tolerance traits measured in 1978 
and 1979 at Ames, Iowa (Table 10) showed that differences among 
entries were significant for percentage emergence in both years. Entry 
mean squares for emergence index and seedling dry weight, however, 
were not significant in either year. The BS2 vs BS3 contrast accounted 
for most of the entry sums of squares for percentage emergence in 1978 
and for seedling dry weight in 1979. The difference between BS2 and 
BS3 for percentage emergence was not significant in 1979, but the b^ -
value for changes across cycles for BS2 in the southern region was 
significant for percentage emergence in that year. BS3 also showed 
significant changes across selection cycles for percentage emergence 
and, emergence index in 1978. In general, the lack of fit component 
was not significant in either year. 
The combined analysis of variance (Table 11) showed that differ­
ences between years were highly significant for all cold tolerance 
traits, and that differences among entries were not significant for 
percentage emergence, due to the large year by entry interaction. 
Entry differences were not significant for seedling dry weight, but 
note that the contrast between BS2 and BS3 was significant and accounted 
for most of the variation among entries. Lack of fit components were 
not significant for any trait in the combined analyses. 
Table 10. Mean squares from the individual analyses of variance for cold tolerance traits of BS2 
and BS3 populations developed by mass selection at three regional sites 
1978 1979 
Source df 
Percentage 
emergence 
Emergence 
index 
Seedling 
dry weight 
Percentage 
emergence 
Emergence 
index 
Seedling 
dry weight 
Replications 3^  .0158 .000 3.03 .0399 14.481 733.37 
Entries (P) 19 .0813" .511 1.44 .0481&A .766 80.55 
BS2 vs BS3 1 ..4189*" .016 2.50 .0274 1.568 478.24"" 
Cycles^  (linear) 6 
BS2, northern region 1 .0073 .212 0.09 .0230 .609 31.09 
BS2, central region 1 .0953 .003 0.89 .0033 3.897" 0.20 
BS2, southern region 1 .0203 .007 0.36 .0826" .186 52.56 
BS3, northern region 1 .0177 .000 0.34 .0623 .001 120.73 
BS3, central region 1 .0242 .031 1.32 .0678 .880 12.01 
BS3j southern region 1 .1647* I.599A 2.87 .0266 .962 41.08 
Lack of fit 12 .0664 .653 1.58 .0517** .538 66.21 
Error 57b .0311 .306 1.01 .0191 .975 50.37 
O^ne degree of freedom for replications in 1978. 
N^ineteen degrees of freedom for the error mean square in 1978. 
' Significant at the 0.05 and 0.01 levels of probability, respectively. 
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Table 11. Mean squares from the combined analyses of variance for 
cold tolerance traits of BS2 and BS3 entries developed by 
mass selection at three regional sites 
Mean squares 
Source df 
Percentage 
emergence 
Emergence 
index 
Seedling 
dry weight 
Years (E) 1 9.572** 2,386.443** 15,694.60*! 
Replications/E 4 .034 10.861 550.78 
Entries (P) 19 .061 .853 56.08 
BS2 vs BS3 1 .259 .901 352.26*' 
Cycles^  (linear) 6 
BS2, northern region 1 .030 .138 22.29 
BS2, central region 1 .017 2.497 0.03 
BS2, southern region 1 .023 .093 39.24 
BS3, northern region 1 .016 .001 74.59 
BS3, central region 1 .015 .753 12.20 
BS3, southern region 1 .010 2.344 38.58 
Lack of fit 12 . 066 .790 43.86 
E X P 19 .068** .424 25.92 
Error 76 .022 .808 38.03 
5*» «V 
Significant at the 0.01 level of probability. 
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The original populations from BS2 and BS3 did not differ signif­
icantly for any cold tolerance trait in either year (Table 12). In 
1978, BS3 exhibited significant linear responses across selection 
cycles for all traits (Table 12), but b-values were not significant 
for any trait in BS2. The BS3 displayed 7% emergence at 30 days 
after planting in 1978 compared to 59% for the Cg cycle. Comparable 
values for the and Cg cycles from BS2 in 1978 were 33% and 37%, 
respectively. The coefficient of variability (C.V.) for percentage 
emergence was high in 1978 due to a small mean and a large error mean 
square. 
Percentage emergence for BS3 C^  was much higher in 1979 than it 
was in 1978 (Table 12). The BS3 C^  exhibited 89.3% emergence in 1979, 
and b-values for changes across cycles were not significant in that 
year. Both populations showed smaller emergence index values in 1979 
than they did in 1978 indicating that plants emerged at a faster rate 
in 1979. Seedling dry weights also were five times larger in 1979 
than in 1978. 
Responses to selection at each regional site are shown in Table 
13. No significant progress was realized for any cold tolerance trait 
after three cycles of mass selection in BS2. BS3 showed significant 
improvements in percentage emergence across cycles in all regions in 
the 1978 experiment, but changes for percentage emergence in BS3 were 
not significant in 1979. In 1978, decreases in emergence index (i.e., 
increases in rate of emergence) across cycles of selection also were 
evident in cycles selected in the southern region, and increases 
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Table 12. Observed differences between the original (CQ) populations, 
and regression coefficients for changes in cold tolerance 
traits of BS2 and BS3 when evaluated at Ames, Iowa in 1978 
and 1979 
Percentage 
emergence 
(%) 
Emergence 
index 
(days) 
Seedling 
dry weight 
(g/10 plants) 
BS2 Cq VS BS3 CQ 
BS2 Cq X 
L.S.D. (0.05) 
C.V. (%) 
BS2, . linear 
BS3, . linear 
BS2 Cg vs BS3 Cq 
BS2 Cq X 
L.S.D. (0.05) 
C.V. (%) 
BS2, . linear 
BS3- . linear 
- 2 6 . 2  
33.3 
36.9 
27.2 
0.5 
8. 3* 
18.0 
71.3 
20.5 
11.1 
1.9 
-0.9 
-Ames 1978-
1.5 
28.5 
1.6 
1.9 
0.1 
-0.2A 
-Ames 1979-
-0.3 
19.8 
1.5 
5.0 
-0.1 
0 . 0  
-0.9 
6.3 
2.1 
14.7 
0.1 
0.3* 
1.1 
31.8 
10.5 
2 2 . 8  
-0.5 
0.1 
b-values were significantly different from zero at the 0.05 
level of probability. 
Table 13. Means and regression coefficients for changes in cold tolerance traits across three 
cycles of mass selection within three selection regions when evaluated at Ames, Iowa 
in 1978 and 1979 
Percentage 
emergence 
(%) 
Emergence 
index 
(days) 
Seedling 
dry weight 
(g/10 plants) 
1978 1979 1978 1979 1978 1979 
BS2 
Northern region 0^ 33.3 71.3 28.5 19.8 6.3 31.8 
1^ 33.3 95.3 29.4 19.6 7.2 
26.2 
S 9.5 84.3 30.0 20.6 6.9 26.7 
3^ 30.9 89.0 28.5 19.9 6.9 31.4 
b-value -1.5 2.1 0.0 0.1 0.1 0.0 
Central region Co 33.3 71.3 28.5 19.8 6.3 31.8 
Cl 28.5 91.5 28.3 20.1 6.4 31.6 
S 45.2 83.5 29.1 19.5 7.9 31.1 
S 43.8 90.3 28.9 18.9 6.7 28.3 
b-value 2.4 2.5 0.1 -0.2 0.1 —0.5 
Southern region Co 33.3 71.3 28.5 19.8 6.3 31.8 
Cl 11.9 91.5 29.5 20.2 6.2 27.2 
Cg 19.0 81.0 29.6 19.6 4.7 27.6 
C3 35.7 83.3 29.1 19.8 6. 5 24.5 
b-value 0.7 1.3 0.1 0.0 0.0 -1.1 
Table 13. (Continued) 
Percentage 
emergence 
(%) 
1978 1979 
Emergence 
index 
(days) 
1978 1979 
Seedling 
dry weight 
(g/10 plants) 
1978 1979 
BS3 
Northern region o
 
o
 7.1 89.3 30.0 19.5 5.4 32.9 
1^ 38.0 91.5 28.7 19.7 7.2 33.8 
2^ 57.1 88.0 28.9 19.9 8.1 31.1 
49.9 82.3 29.1 19.5 7.2 28.6 
b-value 7.4* -1.2 -0.1 0.0 0.3 -0.8 
Central region GQ 7.1 89.3 30.0 19.5 5.4 32.9 
Cl 49.9 94.0 29.5 19.5 6.6 33.9 
S 49.9 91.3 29.0 19.4 6.7 44.9 
3^ 57.1 84.5 29.5 20.0 7.9 32.2 
b-value 7.5& -0.9 -0.1 0.1 0.4* 0.4 
Southern region Co 7.1 89.3 30.0 19.5 5.4 32.9 
40.5 96.3 29.5 19.8 6.3 27.7 
S 
54.7 86.7 28.6 18.6 7.4 35.5 
S 69.0 89.0 28.5 19.3 7.9 34.7 
b-value 10.0* -0.5 -0.3* -0.1 0.4* 0.7 
b-values were significantly different from zero at the 0.05 level of probability. 
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in seedling dry weights were demonstrated for selection in the central 
and southern regions. Changes in these two traits in other regional 
areas in 1978 were in desired directions, but they were not statis­
tically significant. 
Differences between the BS2 CQ and the BS3 and average linear 
responses to selection were not significant for all cold tolerance 
traits (Table 14). 
Table 14. Observed differences between the original (C^ ) populations, 
and changes in cold tolerance traits of BS2 and BS3 
associated with mass selection when evaluated at Ames, Iowa 
in 1978 and 1979 
Percentage 
emergence 
(%) 
Emergence 
index 
(days) 
Seedling 
dry weight 
(g/10 plants) 
BS2 Cq VS BS3 CQ 3.3 0.3 0.4 
BS2 CQ X 58.6 22.7 23.3 
L.S.D. (0.05) 31.5 1.0 7.1 
BS^ iinear* 1.5 -.07 -0.4 
BSSlinear* 2.2 -.04 0.2 
-^values were not significantly different from zero at the 0.05 
level of probability. 
The slightly larger seedling dry weight value for the BS3 Cq plus 
linear trends in opposite directions across cycles, however, resulted 
in a significant difference between BS2 and BS3 population means 
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(Table 15). BS3 averaged 24.7 g/10 plants while BS3 produced an average 
of 21.3 g/10 plants. Data in Table 15 also showed that selection in 
each region usually improved percentage emergence, but differences 
between CQ and advanced cycles were not statistically significant 
for BS2 and BS3 in any of the regions. Additionally, changes across 
cycles usually were not significant for emergence index and seedling 
dry weight. 
Plant Traits and Ears Per 100 Plants 
Data for all plant traits and ears per 100 plants were collected 
in all evaluation experiments in Iowa. Mean squares from the combined 
analyses of variance (Table 16) showed that differences between years 
were highly significant for all plant traits and ears per 100 plants. 
Date of planting, plant density and entry main effects also were 
significant for plant and ear heights, but they were not significant 
for percentage lodged plants and ears per 100 plants. 
Plant and ear heights 
Plant and ear heights reacted similarly to changes in planting 
dates and plant densities (Table 17); heights were greatest when plots 
were planted at the normal date or at the high plant density. Subplots 
planted early at the low density exhibited shorter plant and ear heights 
than all other date of planting and plant density combinations. 
Entry sums of squares for plant and ear heights were partitioned 
into seven nonorthogonal contrasts (Table 18). Most of the variation 
among entries could be accounted for by the BS2 versus. BS3 contrast. 
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Table 15. Means representing three cycles of mass selection for cold 
tolerance traits within BS2 and BS3 in three different 
regions evaluated at Ames, Iowa in 1978 and 1979 
Percentage Emergence Seedling 
emergence index dry weight 
Selection cycles (%) (days) (g/10 plants) 
BS2 
Northern region Co 58.6 22.7 23.3 
1^ 74.6 22.9 19.9 
S 59.3 23.7 20.1 
S 69.6 22.8 23.3 
Central region 
"o 
58.6 22.7 23.3 
1^ 70.5 22.8 23.2 
2^ 70.7 22.7 23.3 
S 74.8 22.2 21.1 
Southern region 0^ 58.6 22.7 23.3 
Cl 64.9 23.3 20.2 
Cg 60.3 22.9 20.0 
S 67.4 22.9 18.5 
Overall synthetic means 67.1 22.9 21.3 
5S3 
Northern region Co 61.9 23.0 23.7 
Cl 73.7 22.7 24.9 
C2 77.7 22.9 23.4 
C3 71.5 22.7 21.5 
Central region Co 61.9 23.0 23.7 
Cl 79.3 22.8 24.8 
Cg 77.5 22.6 32.2 
C3 75.4 23.2 24.1 
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Table 15. (Continued) 
Selection cycles 
Percentage 
emergence 
(%) 
Emergence 
index 
(days) 
Seedling 
dry weight 
(g/10 plants) 
Southern region Cn 61.9 23.0 23.7 
77.7 23.0 20.6 
S 76.1 21.9 26.1 
C, 82.3 22.4 25.7 
Overall synthetic means 75.3 22.7 24.7 
L.S.D. (0.05)^  31.5 1.0 7.1 
L.S.D. (0.05)^  10.0 0.3 2.3 
U^sed for comparison between two cycle means. 
U^sed for comparison between overall synthetic means for a given 
trait. 
Table 16. Mean squares from the combined analyses of variance for date of planting, plant density 
and entry analyses of plant traits and ears per 100 plants 
Source 
Mean square 
df Plant height Ear height Percentage lodging Ears/100 plants 
Years (E) 
Locations (C) 
E X C 
Replications/(E x C) 
Dates (D) 
E X D 
C X D 
E X C X D 
Error a 
Densities (N) 
E X N 
C X N 
D X N 
E X C X N 
E X D X N 
C X D X N 
E X C X D X N 
1 377,955.72** 
2 190,952.89 
2 17,967.70** 
12 646.96 
1 6,347.46** 
1 869.09 
2 1,442.98 
2 
12 
2,610.80* 
567.20 
1 4,151.75** 
1 1.81 
2 304.65 
1 4,436.99** 
2 3,392.37** 
1 1,427.43 
2 26.32 
2 264.39 
241,452.75** 
78,700.27** 
5,838.62 
1,638.68 
9,535.23** 
76.31 
247.04 
1,047.71 
569.57 
13,878.73** 
82.42 
198.42 
1,859.81* 
642.04 
648.70 
99.56 
120.35 
18.570** 
33.641 
4.812** 
.134 
.149 
.570** 
.171 
.374** 
.053 
24.419 
1.414** 
.073 
.150 
.769** 
.566* 
.057 
. 272* 
52,641.52** 
3,758.55 
12,759.88** 
659.58 
27,891.31 
1,274.49* 
3,311.55 
1,907.65** 
221.03 
237,296.40 
12,858.80** 
418.92 
4,772.15** 
4,219.30** 
5.99 
507.55 
202.58 
it J A* 
Significant at the 0.05 and 0.01 levels of probability, respectively.. 
Table 16. (Continued) 
Mean square 
Source df Plant height Ear height Percentage lodging Ears/100 plants 
R/(E X G) X N 12 349.68 310.59 .097 323.97 
R/(E X C) X D X N 12 665.34 342.04 .059 244.62 
Pooled error b 24 507.51 326.32 .078 284.30 
Entries (P) 19 3,387.12"" 990,61"" .022 217.23 
E X P 19 128.20 99.92 .054"" 209.24 
C X P 38 224.96" 170.86"" .046 153.27 
D X P 19 150.32 119.86 .011 248.83* 
N X P 19 130.12 105.10 .025 90.90 
E X C X P 38 124.18 119.41 .072** 96.20 
E X D X P 19 114.69 112.35 .014 194.63 
C X D X P 38 162.84 77.27 .022 120.09 
E X N X P 19 45.50 67.58 .021 73.90 
C X N X P 38 192.97" 117.26 .028 175.15 
D X N X P 19 207.19 128.52 .022 139.05 
E X C X D X P 38 157.95 110.54 .046** 172.59 
E X C X N X P 38 132.44 120.12 .018 134.81 
E X D X N X P 19 198.99-"* 115.13 .021 106.57 
C X D X N X P 38 110.08 75.30 . 032* 86.88 
E x C x D x N x P  38 140.70 101.45 .023 107.27 
Table 16. (Continued) 
Source df Plant height Ear height Percentage lodging Ears/100 plants 
R/(E X C) X P 228 150.46"" 114.67 .023 153.66 
R/(E X C) X D X P 228 . 128.35* 99.76 .026 149.35 
R/(E X C) X N X P 228 124.31- 98.38 .021 142.43 
R/(E X C) X D X N X P 228 102.50 97.26 .023 165.61 
Pooled error c 912 — 102.52 .023 152.76 
Table 17. Means for significant plant and ear height differences at two dates of planting and 
two plant densities averaged over all entries 
Date of planting Plant density Plant height (cm) Ear height (cm) 
Early Low 233.1+ 121.5 
Early- High 240.3 130.0 
Normal Low 241.1 129.0 
Normal High 241.0 132.9 
L.S.D. (0.05) i
n CO 
2.8 
Early 236.8 125.8 
Normal 241.0 130.9 
L.S.D. (0.05) 2.7 2.7 
Low 237.2 125.3 
High 240.6 131.5 
L.S.D. (0.05) 2.5 2.0 
e^ans across plant densities. 
M^eans across planting dates. 
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Table 18. Entry mean squares from the combined analyses of variance 
for plant and ear heights 
Mean square 
Source df Plant height Ear height 
Entries (P) 19 3,387.12** 990.61** 
BS2 vs BS3 1 52,672.52** 8,010.32** 
Cycles^  (linear) 6 
BS2, northern region 1 1,602.09** 1,283.94** 
BS2, central region 1 3,194.34** 568.07* 
BS2, southern region 1 1,266.69** 2,031.49** 
BS3, northern region 1 127.20 7.11 
BS3, central region 1 11+1.45 53.76 
BS3, southern region 1 1,071.30** 513.78* 
Lack of fit 12 356.64** 529.43** 
Error 228/912^  150.46 102.52 
E^rror degrees of freedom for the traits plant height/ear height, 
respectively. 
' Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Significant linear responses over cycles of selection also were 
observed for most of the three regional selection experiments in BS2 
and BS3. However, the lack of fit was significant for both plant and 
ear heights. 
The BS3 exhibited greater plant and ear heights than did the 
BS2 CQ (Table 19). The BS2 population showed significant linear 
Table 19, Observed differences between the original (CQ) populations, 
and changes in plant and ear heights of BS2 and BS3 
associated with mass selection when evaluated at three 
locations in Iowa in 1978 and 1979 
Plant height 
(cm) 
Ear height 
(cm) 
BS2 CQ VS BS3 14.8 9.8 
BS2 C X 229.0 120.9 
L.S.D. (0.05) 4.0 3.2 
BS2, . linear 
1.3&A l . I+sW: 
BS3, . linear 0.1 -0.2 
it it 
b-values were significantly different from zero at the 0.01 
level of probability. 
increases in plant and ear heights over cycles, but changes were not 
significant in BS3. Significant linear changes in plant and ear 
heights were found for cycles developed at all selection regions for 
BS2, but BS3 showed significant height changes only in cycles developed 
in the southern region (Table 20). Both plant height and ear height 
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Table 20. Means and regression coefficients for changes in plant and 
ear heights across three cycles of mass selection within 
BS2 and BS3 at three selection regions when grown at three 
locations in Iowa in 1978 and 1979 
Plant height 
(cm) 
Ear height 
(cm) 
BS2 
Northern region 
b-values 
Central region C. 
b-values 
Southern region C 
b-values 
• Overall synthetic means 
BS3 
Northern region C_ 
b-values 
229.0 
225.9 
230.9 
236.2 
1.3AA 
229.0 
229.8 
234.7 
237.8 
1.6AA 
229.0 
234.1 
234.4 
236.1 
1.1** 
232.9 
243.8 
246.1 
245.8. 
246.5 
0.4 
120.9 
119.1 
122.1 
129.5 
1.4** 
120.9 
126.5 
128.7 
127.8 
1.1** 
120.9 
126.9 
128.1 
130.5 
1.5** 
126.0 
130.7 
131.6 
130.6 
130.7 
-0.1 
s'îA 
b-values were significantly different from zero at the 0.01 
level of probability. 
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Table 20. (Continued) 
Plant height 
(cm) 
Ear height 
(cm) 
Central region CQ 243.8 130.7 
CL 245.2 131.4 
C2 247.7 132.2 
C3 245.5 129.6 
b-values 0.4 -0.1 
Southern, region C. U 243.8 130.7 
CL 244.3 131.3 
CG 244.1 130.9 
C3 240.7 128.2 
b-values 1 0
 
cn
 
-0.4* 
Overall synthetic means 245.0 130.7 
L.S.D. (0.05)^  4.0 3.3 
L.S.D. (0.05)^  1.3 1.0 
U^sed for comparisons among cycle means. 
U^sed for comparisons between overall synthetic means. 
b-values were significantly different from zero at the Q.Q5 
level of probability. 
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were increased by 2.6 cm/cycle in the BS2 population, and both heights 
were decreased by 1.0 cm/cycle across BS3 cycles selected in the 
southern region. The opposite trends in BS2 and BS3 across cycles 
significantly reduced population differences for ear height. 
Percentage lodging 
Year by date of planting, plant density and entry first-order 
interactions were significant for percentage lodging (Table 16). Com­
parison of appropriate mean squares showed that percentage lodging was 
affected most by changes in plant density and relatively little by 
altering the date of planting. Differences among entries were not 
significant for percentage lodging. 
The amount of lodging was greater in 1979 than in 1978 at all 
dates of planting and plant densities (Table 21), Differences 
between the early and normal dates of planting for percentage lodging 
were not significant, but the high plant density showed significantly 
more lodging than did the low plant density in both years. The greatest 
lodging observed within a location occurred at the high plant density 
in the 1979 evaluation trials (Table 22). Differences between loca­
tions within years for dates of planting and plant densities usually 
were significant, and greatest lodging occurred at Beaconsfield. 
Substantially less lodging occurred at Sutherland than at the other 
locations. 
Cycle means and regression coefficients for percentage lodging 
in each year for cycles selected within each selection region are pre-
72 
Table 21. Means representing significant year by date of planting and 
year by plant density interactions for percentage lodging 
1978 1979 
Date of planting 
Early 45.1 67.4 
Normal 48.7 65.4 
L.S.D. (0.05) 3.7 
Plant density 
Low 38.8 52.8 
High 55.0 80.0 
L.S.D. (0.05) 4.3 
Table 22. Means representing significant year by location by date of 
planting and year by location by plant density interactions 
for percentage lodging 
Locations in Iowa 
Sutherland Ames 
1978 1979 1978 1979 
Beaconsfield 
1978 1979 
Date of planting 
Early 22.9 45.7 
Normal 24.1 43.4 
Plant density 
Low 18.9 24.8 
High 28.1 64.4 
35.1 79.3 
42.5 69.8 
L.S.D. (0.05) 6.5 
2 8 . 2  6 2 . 6  
49.4 86.5 
L.S.D. (0.05) 7.4 
77.2 
79.4 
69.3 
87.3 
77.1 
83.1 
71.0 
89.0 
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sented in Table 23. Differences between the cycles of BS2 and BS3 
were not significant in either year. No regression coefficients were 
significant, indicating that selection had not changed percentage 
lodging in either population at any of the three regional sites. Much 
greater levels of lodging were exhibited in the 1979 trials than in 
the 1978 trials for all regional-cycle combinations. 
Ears per 100 plants 
Mean squares from the combined analysis of variance for ears per 
100 plants (Table 16) indicated that date of planting and plant density-
sources of variation interacted significantly with years and locations. 
Examination of the relative sizes of mean squares demonstrated that 
ears per 100 plants was affected more by changes in plant density than 
by changes in planting date. The date of planting by entry interaction 
also was significant, but the mean square was small, indicating these 
interactions were relatively unimportant. 
Fewer ears per plant were produced in plots grown in 1979 experi­
ments than in 1978 experiments, but these differences did not affect 
relative performances across planting dates and plant densities (Table 
24). Early planting increased numbers of ears per 100 plants in both 
years, but ears per 100 plants was affected more by changing plant 
densities. All plants produced an ear in the low density subplots, but 
only 75% of the plants produced ears at the high density. Planting 
date differences for ears per 100 plants were greater when plants 
were grown at the high density. For example, at the high density. 
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Table 23. Means and regression coefficients representing changes in 
percentage lodging across cycles within three selection 
regions when evaluated at three Iowa locations in 1978 and 
1979 
BS2 BS3 
1978 1979 1978 1979 
Northern region 0^ 50.6 65.0 44.9 67.6 
1^ 
48.7 65.9 47.8 71.4 
S 46.9 65.7 47.0 68.7 
S 47.0 65.1 47.0 69.6 
b-value^  -0.6 0.0 0.3 0.2 
Central region Co 50.6 65.0 44.9 67.6 
"l 47.6 64.8 46.2 66.8 
S 46.5 61.8 46.0 65.5 
S 49.5 62.1 44.7 64.1 
b-value^  -0.2 -0.6 -0.1 -0.6 
Southern region 0^ 50.6 65.0 44.9 67.6 
Cl 50.9 65.8 44.3 67.5 
S 45.2 67.8 46.1 68.1 
S 48.5 64.7 42.3 69.8 
b-value^  -0.6 0.1 -0.3 0.4 
L.S.D. (0.05) 7.0 
b^-values were not significantly different from zero at the 0.05 
level of probability. 
Table 24. Means representing significant date of planting and plant density interactions for ears 
per 100 plants 
Year 
Date of planting Plant density 1978 1979 X 
Early X 98.0 84.0 
a 
Normal X 87.0 77.0 — 
X Low 102.5 96.5 — 
X High 83.0 65.0 — 
Early Low __b 102.0 
Early High 80.0 
Normal Low 97.0 
Normal High 
L.S.D. (0.05) 
67.5 
2.5 
h^e date of planting and plant density main effects were not significant. 
T^he year by date of planting by plant density interaction was not significant. 
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early-planted plots produced 12.5 more ears per 100 plants than did 
plots planted at the normal date. At the low density, however, early-
planted plots produced only 5 ears per 100 plants more than did plots 
planted at the normal date. 
The rankings of location means changed within and across years 
for date of planting and plant density comparisons of ears per 100 
plants (Table 25). In 1978, more ears per 100 plants were produced 
at Sutherland than at the other two locations, but significant dif­
ferences between the Ames and Beaconsfield locations were only obtained 
when plots were planted early or at the high plant density. Plots 
planted at Ames under those conditions produced greater numbers of 
ears per 100 plants than did plots planted at Beaconsfield in 1978. 
Differences among location means for ears per 100 plants were lower in 
1979 than they were in 1978, and inconsistent rankings of location 
means were observed. 
The CQ cycles of BS2 and BS3 produced the same number of ears 
per 100 plants when platited early, but, at the normal date, BS3 
produced 6.5 more ears per 100 plants than did BS2 when values 
were averaged across the two plant densities (Table 26). BS3 also 
showed a significant decrease of 2 ears per 100 plants/cycle at the 
normal planting date. Furthermore, consistent reductions in ears per 
100 plants across cycles were shown for BS3 at all three regional 
selection sites when evaluated at the normal planting date (Table 27). 
Decreases in numbers of ears produced in BS3 also were shown at the 
early date of planting for cycles selected in the southern region. 
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Table 25. Means representing the significant year by location by date 
of planting and year by location by plant density inter­
actions for ears per 100 plants 
Locations in Iowa 
Sutherland Ames 
1978 1979 1978 1979 
Beaconsfield 
1978 1979 
Date of planting 
Early 
Normal 
Plant density 
Low 
High 
112.0 81.5 93.5 86.5 
92.0 74.0 84.5 78.0 
L.S.D. (0.05) 4.0 
108.5 95.0 98.0 99.5 
95.5 61.0 80.0 64.5 
L.S.D. (0.05) 4,5 
88.5 
8 6 . 0  
101.0 
73.5 
84.0 
79.5 
95.0 
69.0 
Table 26. Observed differences between the original (CQ) populations, 
and changes for ears per 100 plants in BS2 and BS3 
associated with mass selection across two dates of planting 
when evaluated at three locations in Iowa in 1978 and 1979 
Date of planting 
Early Normal 
0.0 6.5 
91.0 82.5 
L.S.D. (0.05) 5.5 
0.3 -0.5 
-0.5 -l.OA 
b-values were significantly different from zero at the 0.05 
level of probability. 
BS2 Cq VS BS3 CQ 
BS2 Cq X 
BS2, . linear 
BS3, . linear 
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Table 27. Means and regression coefficients representing changes in 
ears per 100 plants across cycles within three selection 
regions when evaluated at three Iowa locations in 1978 and 
1979 
Date of planting 
BS2 BS3 
Early Normal Early Normal 
Northern region 91.0 82.5 91.0 89.0 
"l 89.5 85.0 94.5 85.5 
S 
89.0 80.5 91.5 82.0 
S 93.0 82.5 89.5 83.0 
b-value 0.3 -0.2 -0.4 -1.1"" 
Central region 91.0 82.5 91.0 89.0 
<^ 1 91.0 81.5 91.5 81.0 
S 
88.0 82.5 89.0 82.5 
S 
95.5 78.0 88.5 83.0 
b-value 0.5 -0.6 —0.5 -0.8* 
Southern region 91.0 82.5 91.0 89.0 
"l 91.0 80.5 94.5 86.0 
S 92.0 78.5 92.5 80.0 
C3 90.0 77.5 87.0 83.5 
b-value -0.1 -0.9" -0.7* -1.1&A 
L.S.D. (0.05) 5.5 
' b-values were significantly different from zero at the 0.05 
and 0.01 levels of probability, respectively. 
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Flowering Traits 
The combined analysis of variance (Table 28) showed that differences 
between years were significant for date of anthesis and silking date 
but not for pollen-shed-to-silking interval (PS). Mean squares in­
dicated that anthesis and silking dates were affected most by changes 
in dates of planting. PS, however, was affected more by changes in 
plant density than by altering planting date. Significant differences 
were observed among entries for all flowering traits, but mean squares 
indicated that differences among entries were small. 
Anthesis and silking dates were consistently later in the 1979 
experiment than in the 1978 experiment (Table 29). Flowering dates 
were earlier when plots were planted early or grown at the low plant 
density, and differences between dates of planting and plant densities 
were greater in the 1979 experiment for anthesis and silking dates. 
Silk extrusion was delayed to a greater extent than was anthesis date 
by postponing the date of planting or by increasing plant density. 
Thus, PS was significantly greater at the normal planting date or at 
the high density than it was at the early date or low density. PS 
was not affected by the year of evaluation in date of planting com­
parisons. 
Subdivision of the sum of squares among entries for flowering 
traits (Table 30) showed that most of the variation among entries was 
due to the BS2 vs BS3 comparison. Some of the variation among entries 
for flowering traits, however, was due to significant linear changes 
over cycles. The lack of fit component also was significant for both 
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Table 28. Mean squares from the combined analyses of variance for 
planting date, plant density and entry analyses of 
flowering traits evaluated at Ames, Iowa in 1978 and 1979 
Mean square 
Source df Date of anthesis Silking date PS 
Years (E) 1 8,952.77"" 9 ,372.17** 4.800 
Replications/E 4 84.21 84.77 7.779 
Dates (D) 1 1,988.60 3 ,302.25 165.675** 
E X D 1 325.05* 383.42** 2.408 
Error a 4 18.07 8.40 5.767 
Densities (N) 1 79.22** 1 ,212.85 672.133 
E X N 1 24.75 183.77** 73.633** 
D X N 1 2.85 33.60 16.875 
E X D X N 1 2.00 1.75 .008 
(R/E) X N 4 2.44 4.15 3.546 
(R/E) X D X N 4 8.21 19.26 4.992 
Pooled error b 8 5.33 11.71 4.269 
Entries (P) 19 27.47** 21.40** 5.332* 
E X P 19 3.15* 4.02 2.072 
D X P 19 2.01 1.42 2.377 
N X P 19 1.04 4.05 4.932 
E X D X P 19 2.20 3.34 2.987 
E X N X P • 19 1.16 3.66 2.344 
D X N X P 19 2.05 3.71 3.173 
E X D X N X P 19 1.18 1.91 2.464 
(R/E) X P 76 1.53 2.36 2.630 
(R/E) X D X P 76 1.86 2.80 3.552 
(R/E) X N X P 76 1.47 2.63 3.287 
(R/E) X D X N X P 76 2.19 2.75 3.185 
Pooled error c 304 1.76 2.64 3.164 
Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 29. Means representing the significant date of planting by 
year and plant density by year interactions for flowering 
traits 
Date of 
anthesis a Silking date^  PS (days) 
1978 1979 1978 1979 1978 1979 
Date of planting 
Early 18.3 25.3 21.4 28.5 3.1 3.2 
Normal 20.7 31.1 24.9 35.5 4.2 4.5 
L.S.D (0.05) 1.5 1.0 0.4 
Plant density 
Low 19.4 27.5 22.2 29.8 2.8 2,2 
High 19.7 28.8 24.1 34.2 4.4 5.4 
L.S.D. (0.05) 0.4 1.0 0.6 
D^ays from July 1. 
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Table 30. Entry mean squares from the combined analyses of variance 
for flowering traits partitioned into seven nonorthogonal 
contrasts. 
Mean square 
Source df 
Date of 
anthesis 
Silking 
date PS 
Entries (P) 19 27.47"" 21.40** 5.33* 
BS2 vs BS3 1 328.35** 135.47** 42.01** 
Cycles^  (linear) 6 
BS2, northern region 1 3.17 3.66 0.02 
BS2, central region 1 16.59* 6.47 2.34 
BS2, southern region 1 43.98** 62.82** 1.67 
BS3, northern region 1 31.51** 2.94 15.20* 
BS3, central region 1 0.02 0.93 1.22 
BS3, southern region 1 0.03 0.17 .06 
Lack of fit 12 8.19* 16.18** 3.23 
Error 304^  3.15 2.64 3.16 
N^ineteen degrees of freedom for the error mean square for date 
of anthesis. 
' Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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date of anthesis and silking date. 
BS3 CQ shed pollen and silked approximately three and two days 
later than BS2 C^ , respectively (Table 31). The BS3 also displayed 
a smaller PS than did BS2 C^ . Overall changes across cycles indicated 
that both populations were getting later, and that PS was increasing 
in BS3. BS2 showed significant changes in all regions for flowering 
dates, demonstrating a consistent tendency of mass selection to delay 
maturity over cycles of selection (Table 32). Selection delayed both 
date of anthesis and silking date by 0.6 days/cycle in the BS2 
synthetic (Table 31). 
Table 31. Observed differences between the original (CQ) populations, 
and changes in flowering traits of BS2 and BS3 associated 
with mass selection when evaluated at Ames, Iowa in 1978 
and 1979 
Date of 
anthesis^  Silking date^  PS (days) 
BS2 CQ VS BS3 C_ 2.8 1.8 -1.0 
BS2 Cq X 21.8 25.7 3.9 
L.S.D. (0.05) 1.1 0.9 1.0 
BS2, . linear 0.3** 0. 3*'" 0.0 
BS3, . linear 0.0 0. 1** O.lAA 
D^ays from July 1. 
A A 
b-values were significantly different from zero at the 0.01 
level of probability. 
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Table 32. Means and regression coefficients for changes in flowering 
traits within three selection regions when evaluated at 
Ames, Iowa in 1978 and 1979 
BS2 BS3 
Date of 
anthesis 
Silking 
date^  
PS 
days 
Date of 
anthesis 
Silking 
date^  
PS 
days 
Northern region 21.8 25.7 3.9 24.6 27.5 2.9 
"l 21.9 25.4 
3.5 25.0 28.2 3.2 
S 22.3 25.8 3.5 25.0 28.2 3.2 
S 23.3 27.3 4.0 23.5 27.7 4.2 
b-value 0. 2** 0.3** 0.0 -0.2* 0.0 0.2* 
Central region 21.8 25.7 3.9 24.6 27.5 2.9 
1^ 22.7 27.2 4.5 25.1 28.7 
3.6 
S 23.0 27.0 4.0 24.5 28.3 3.8 
S 23.7 27.6 3.9 24.9 28.5 3.6 
b-value 0. 3&A 0. 3** 0.0 0.0 0.1 0.1 
Southern region 21.8 25.7 3.9 24.6 27.5 2.9 
"l 
23.1 27.5 4.4 24.3 27.4 3.1 
S 24.0 28.2 4.2 25.1 28.4 3.3 
S 24.0 28.4 4.4 24.5 27.8 3.3 
b-value 0.45'<sV 0.4"" 0.1 0.0 0.1 0.1 
L.S.D. (0.05) 1.1 0.9 1.0 1.1 0.9 1.0 
D^ays from July 1. 
' b-values were significantly different from zero at the 0.05 and 
0.01 levels of probability, respectively. 
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Harvest Traits 
Grain yield 
Evaluation for grain yield differences among entries was carried 
out at all locations in 1978 and 1979. Mean squares in Table 33 
indicated that years were significantly different and that planting 
date, plant density and entry sources of variation interacted signifi­
cantly with years and locations. The entry main effect was significant 
and much larger than any interaction mean square involving entries. 
In general, the environment by planting date and environment by 
plant density interactions did not result in changes in rank (Table 
34a and Table 34b). Early-planted plots yielded significantly better 
than plots planted at the normal date in 1978 and 1979 at all loca­
tions, except Beaconsfield, Iowa where yields were similar for both 
planting dates. Yields were highest in all environments (i.e., loca­
tions and years) when plots were planted at the low density. Differ­
ences in yield between plant densities at the four locations were 
greater in 1979 than they were in 1978. Subplots planted at normal 
dates and at high plant densities showed significantly lower yields 
than all other date-density combinations. 
Almost all of the variation among entries for grain yield was 
due to the comparison between BS2 and BS3 because linear regressions 
of entry performance on cycles of selection and the lack of fit com­
ponent were not significant (Table 35). The BS3 yielded 13.4 q/ha 
higher than the BS2 (Table 36). Grain yields of and the Cg 
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Table 33. Mean squares from the combined analysis of variance for 
date of planting, plant density and entry analyses of 
grain yield 
Source df Mean square 
Years (E) 1 1,372.64** 
Locations (C) 3 8,674.47 
E X C 3 15,362.79** 
Replications(E x C) 16 852.17 
Dates (D) 1 34,662.23 
E X D 1 7,123.51** 
C X D 3 7,722.84** 
E X C X D 3 456.54 
Error a 16 187.82 
Densities (N) 1 43,646.47 
E X N 1 4,974.82** 
C X N 3 4,461.32 
D X N 1 1,974.11 
E X C X N 3 1,715.45** 
E X D X N 1 1,177.97* 
C X D X N 3 119.30 
E X C X D X N 3 318.83 
R(E X C) X N 16 129.68 
R(E X C) X D X N 16 328.48 
Pooled error b 32 229.08 
Entries (P) 19 4,030.39** 
E X P 19 194.28** 
C X P 57 121.11** 
D X P 19 156.74** 
N X P 19 145.06** 
A A A 
' Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 33. (Continued) 
Source df Mean square 
E X C X P 57 84.58 
E X D X P 19 88.26 
C X D X P 57 41.63 
E X N X P 19 54.90 
C X N X P 57 66.15 
D X N X P 19 34.24 
E X C X D X P 57 74.29 
E X C X N X P 57 68.51 
E X D X N X P 19 59.34 
C X D X N X P 57 46.50 
E X C X D X N X P 57 56.30 
R(E X c)  X P 304 78.27" 
R(E X c)  X D X P 304 57.46 
R(E X C) X N X P 304 61.49 
R(E X C) X D X N X P 304 57.94 . 
Pooled error c 912 58.80 
Table 34a. Means representing significant year by date of planting and year by plant density 
interactions for grain yield (q/ha) 
Year 
Date of planting Plant density 1978 1979 
Early X 61.4 63.5 
Normal X 56.7 51.2 
L.S.D. (0.05) 1.9 
X Low 62.2 63.7 
X High 55.9 51.0 
L.S.D. (0.05) 2.0 
Early Low 62.7 69.7 
Early High 60.0 57.4 
Normal Low 61.7 57.8 
Normal High 51.8 44.6 
L.S.D. (0.05) 2.8 
Table 34b. Means representing significant location by date of planting and year by location by 
plant density interactions for grain yield (q/ha) 
Year 
Location Date of planting Plant density 1978 1979 X 
Waseca, Minnesota • X Low 72.3 55.7 a 
X High 52.6 38.4 -
Sutherland, Iowa X Low 60.8 59.9 -
X High 60.3 48.8 -
Ames, Iowa X Low 60.2 76.8 -
X High 59.1 61.3 -
Beaconsfield, Iowa X Low 55.5 62.6 -
X High 51.4 55.4 -
L.S.D. (0.05) 4.0 
Waseca, Minnesota b 64.5 Early X — 
Normal X - - 45.1 
Sutherland, Iowa Early X - - 60.8 
Normal X - - 54.1 
Ames, Iowa Early X - - 68.2 
Normal X - - 60.5 
Beaconsfield, Iowa Early X - - 56.3 
Normal X — — 56.2 
L.S.D. (0.05) 2.7 
T^he location by plant density interaction was not significant. 
T^he year by location by date of planting interaction was not significant. 
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Table 35. Entry mean square from the combined analysis of variance 
for the trait grain yield partitioned into seven non-
orthogonal contrasts 
Source df Mean square 
Entries (P) 19 4,030.39** 
BS2 vs BS3 1 72,935.64** 
Cycles^  (linear) 6 
BS2, northern region 1 371.74 
BS2, central region 1 81.59 
BS2, southern region 1 434.94 
BS3, northern region 1 3.02 
BS3, central region 1 286.29 
BS3, southern region 1 230.53 
Lack of fit 12 186.14 
E X P 19 194.28 
Significant at 0.01 level of probability. 
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Table 36. Means and regression coefficients representing changes 
in grain yield (q/ha) within three selection regions 
when evaluated at four locations in 1978 and 1979 
BS2 BS3 
Northern region 53.1 66.5 
"l 51.1 65.9 
C2 49.7 64.6 
S 50.2 63.3 
b-value^  -0.5 -0.5 
Central region 53.1 66.5 
"l 52.0 63.5 
2^ 50.8 63.6 
C3 51.3 62.5 
b-value -0.3 -0.6 
Southern region 53.1 66. 5 
1^ 54.3 64.9 
C2 53.5 64.5 
C3 54.4 64.3 
b-value^  0.2 -0.3 
Overall synthetic mean 52.0 64.4 
L.S.D. (0.05)^  4.2 
L.S.D. (0.05)C 1.3 
b^-values were not significantly different from zero at the 0.05 
level of probability. 
b Used for comparisons among cycle means. 
'^ Used for comparisons between overall synthetic means. 
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were not statistically different for any of the three regions for 
either BS2 or BS3. The rankings of entries across years, locations, 
dates of planting and plant densities changed only slightly, and in 
every case, entries from BS3 ranked highest (Table 37). The slight 
variation in rank of the entries was of little practical significance 
and differences among them were not significant. 
Harvest index 
Data were collected to calculate harvest index at Ames, Iowa in 
1978 and 1979. The analysis of variance combined over years (Table 
38) indicated that differences between dates of planting were signif­
icant, and the year by plant density interaction also was significant. 
Mean squares showed that harvest index was affected more by changes 
in plant density than by planting date, but the density main effect was 
not significant because the year by density interaction was large. 
Observed differences among entries for harvest index were not signif­
icant. 
Harvest index values generally were higher in 1979 than in 1978 
for most date-density combinations (Table 39). Differences between 
years, however, were small and not significant for the high plant 
density. Significantly larger harvest index values were obtained at 
plant densities of M-5.2 M plants/ha than at 90.4 M plants/ha in each 
of the years. Low density subplots showed a 10% greater harvest 
index than did high density subplots when values were averaged over 
years. Low density subplots partitioned into the grain over 50% of 
Table 37. Rankings of entries as Influenced by years, locations, dates of planting and plant 
densities for grain yield 
Year Location Date Density 
1978 1979 Waseca,..Sutherland, Ames, Beacons- Early Normal Low High 
MN lA lA field, lA 
BS2 
Original population 16 11 13 13 16 13 15 14 15 13 
Northern region 12 13 12 11 11 17 12 11 13 11 
S 13 14 11 17 12 16 14 12 11 14 
S 11 12 14 12 13 11 11 13 12 12 
Central region 17 15 19 14 15 12 18 15 18 15 
S 18 19 17 15 18 20 17 18 17 18 
S 15 17 15 18 17 14 16 17 14 19 
Southern region 19 16 16 20 14 18 13 20 19 16 
S 20 18 18 19 19 19 20 19 20 17 
Co 14 20 20 16 20 15 19 16 16 20 
Table 37. (Continued) 
Year Location Date Density 
1978 1979 Waseca, Sutherland, Ames, Beacons- Early Normal Low High 
MN lA . lA field, lA 
BS3 
Original population 
Northern region C^  
Central region C 
Southern region C^  
2 
3 
9 
5 
8 
6 
10 
4 
7 
1 
1 
6 
2 
5 
7 
9 
8 
3 
M-
10 
4 
8 
3 
2 
6 
9 
10 
1 
7 
5 
2 
6 
10 
5 
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Table 38. Mean squares from the combined analysis of variance for 
date of planting, plant density and entry analyses of 
harvest index 
Source df Mean square 
Years (E) 1 6,780.75 
Replications/E 1+ 938.61 
Dates (D) 1 3,287.56* 
E X D 1 0.03 
Error a 4 388.28 
Densities (N) 1 12,598.92 
E X N 1 2,810.96** 
D X N 1 460.14 
E X D X N 1 651.96** 
(R/E) X N U 90.1+1* 
(R/E) X D X N 4 5.10 
Entries (P) 19 109.62 
E X P 19 98.08 
D X P 19 78.17 
N X P 19 108.75 
E X D X P 19 141.35 
E X N X P 19 93.62 • 
D X N X P 19 98.39 
E X D X N X P 19 120.74 
(R/E) X P 76 82.90 
(R/E) X D X P 76 100.98* 
(R/E) X N X P 76 117.75** 
(R/E) X D X N X P 76 68.14 
Pooled error c 152 75.52 
Significant at the 
respectively. 
0.05 and 0.01 levels of probability. 
Table 39. Means representing the significant year by date of planting and year by plant density 
interactions for harvest index (%) 
Year 
Date of planting Plant density 1978 1979 
Early X 42.7 50.2 
Normal X 37.5 4-5.0 
L.S.D. (0.05) 7.1 
X Low 42.8 55.1 
X High 37.4 40.0 
L.S.D. (0.05) 3.4 
Early Low 45.6 55,6 
Early High 39.8 44.8 
Normal Low 40.0 54.7 
Normal High 34.9 35.3 
L.S.D. (0.05) 1.1 
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the total dry matter that they produced in 1979. Early planting 
also increased harvest index; early planted plots partitioned into 
the grain an average of 46.5% of total dry matter produced compared 
to 1+1.3% for plots planted at a normal date. 
Grain moisture at harvest 
Grain moisture data were obtained from plots at Waseca, Minnesota; 
Ames, Iowa; and Beaconsfield, Iowa in 1979. The analysis of variance 
combined over locations (Table HO) showed significant differences 
among locations. Date of planting, plant density, and entry main 
effects as well as their respective interactions with locations 
also were significant. Comparisons of appropriate mean squares showed 
that grain moisture at harvest was affected more by date of planting 
than by plant density. Variation among entries was significant but the 
mean square was much smaller than date and density mean squares. 
Experiment means for grain moisture decreased from north to 
south (Table 4-1), and average moistures at harvest were 37.2%, 24.7%, 
and 17.4% for Waseca, Ames, and Beaconsfield locations, respectively. 
In addition, differences between dates of planting and between plant 
densities were reduced by moving the location of evaluation south. 
Plant density effects were significant in the plots planted at a 
normal date, but they were not significant when plots were planted 
early. Early planting caused large decreases in grain moisture; 
plots planted at a normal date were 5.5% wetter than plots planted 
early. 
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Table 40. Mean squares from the combined analysis of variance for 
date of planting, plant density and entry analyses of 
grain moisture at harvest 
Source df Mean square 
Locations (C) 2 24,080.62"»'' 
Replications/C 6 22.59 
Dates (D) 1 5,448.30"* 
C X D 2 2,177.69** 
Error a 6 14.49 
Densities (N) 1 188.09** 
C X N 2 113.83** 
D X N 1 68.08** 
C X D X N 2 60.16** 
(R/C) X N 6 5.72 
(R/C) X D X N 6 8.58 
Pooled error b 12 7.15 
Entries (P) 19 61.37** 
C X P 38 12.76** 
D X P 19 2.45 
N X P 19 1.65 
C X D X P 38 1.98 
C X N X P 38 1.20 
D X N X P 19 3.73* 
C X D X N X P 38 1.44 
(R/C) X P 114 2.61 
(R/C) X D X P 114 1.71 
(R/C) X N X P 114 1.89 
(R/C) X D X N X P 114 2.24 
Pooled error c 456 2.11 
' Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
Table 4-1. Means representing the significant date of planting and plant density interactions 
for grain moisture at harvest 
Location Date of planting 
Waseca, Minnesota 
Ames, Iowa 
Beaconsfield, Iowa 
Early 
Normal 
Early 
Normal 
Early 
Normal 
Waseca, Minnesota 
Ames, Iowa 
Beaconsfield, Iowa 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Early 
Early 
Normal 
Normal 
Plant density Harvest Moisture (%) 
X 
X 
X 
X 
X 
X 
Low 
High 
Low 
High 
Low 
High 
Low 
High 
Low 
High 
L.S.D. (0.05) 
L.S.D. (0.05) 
L.S.D. (0.05) 
31.0 
43.4 
23.2 
26.1 
16.8 
18.0 
1.2 
35.9 
38.9 
24.3 
25.0 
17.5 
17.4 
0.7 
23.5 
23.9 
28.4 
30.0 
0 . 6  
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Subdivision of the sum of squares among entries for grain 
moisture at harvest (Table 12) showed that most of the variation 
among entries could be accounted for by the comparison between 
BS2 and BS3, although several linear regression and the lack of fit 
components were significant. 
Grain moisture for BS3 was 3.0% higher thc~i it was for BS2 
(Table 43). The linear regression value for changes across cycles 
indicated that grain moistures Increased over cycles of selection in 
BS2. Changes in grain moisture were significant for BS2 at the central 
and southern selection sites (Table M-4-). Selection in the northern 
region had gradually decreased grain moisture for BS3, but the b-value 
was significant only when evaluated in the northern region where the 
selection had been performed (Table 45). Changes in grain moisture 
in BS2 were greater at the Waseca, Minnesota evaluation location 
than they were at other locations. 
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Table 12. Entry mean square from the combined analysis of variance 
for grain moisture at harvest partitioned into seven non-
orthogonal contrasts 
Source df Mean square 
Entries (P) 19 61.37** 
BS2 vs BS3 1 865.93** 
Cycles^  (linear) 6 
BS2, northern region 1 0.13 
BS2, central region 1 12.60* 
BS2, southern region 1 112.55** 
BS3, northern region 1 32.25** 
BS3, central region 1 1.18 
BS3, southern region 1 6.66 
Lack of fit 12 11.23** 
Error 1+56 2.11 
' Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Table 43. Calculated differences between the original (CQ) populations, 
and changes in grain moisture at harvest of BS2 and BS3 
associated with mass selection when evaluated at three 
locations in 1979 
Grain moisture (%) 
BS2 Cq VS ESS CQ 3.0 
BS2 Cq X 24.5 
L.S.D. (0.05) 0.7 
BS^ iinear 
BSSiinear 0'° 
sVs'c 
b-values were significantly different from zero at the 0.01 
level of probability. 
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Table 44. Means and regression coefficients representing changes in 
grain moisture at harvest (%) within three selection 
regions when evaluated at three locations in 1979 
BS2 BS3 
Northern region 24.5 27.5 
1^ 24.1 27.6 
S 24.8 26.9 
S 25.2 26.7 
b-value 0.1 -0.2* 
Central region 24.5 27.5 
1^ 25.1 
28.2 
S 25.3 27.8 
S 25.9 27.9 
b-value 0.2* 0.0 
Southern region 24.5 27.5 
"l 25.4 26.9 
S 26.4 27.9 
S 26.8 27.7 
b-value 0. 4** 0.1 
L.S.D. (0.05) 0.7 
ii if't 
b-values were significantly different from zero at the 0.05 
and 0.01 levels of probability, respectively. 
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Table 45. Individual location means and regression coefficients repre­
senting changes in grain moisture at harvest (%) within 
three selection ropions when evaluated at three J.ocntlons 
ill i'JV'J 
BS2 BS3 
Waseca, 
MN 
Ames, 
lA 
Beacons-
field, lA 
Waseca, 
MN 
Ames, 
lA 
Beacons-
field, lA 
Northern region 33.9 23.1 16.4 39.3 25.7 17.6 
"l 33.0 22.7 16.6 38.6 26.3 17.9 
2^ 33.9 23.3 17.2 37.2 . 25.8 17.9 
S 34.5 23.8 17.2 37.4 25.4 17.4 
b-value 0.1 0.1 0.1 -0.4* -0.1 0.0 
Central region CQ 33.9 23.1 16.4 39.3 25.7 17.6 
1^ 35.1 23.2 16.9 40.4 25.4 18.8 
S 35.4 24.2 16.4 40.0 25.5 18.0 
S 36.8 23.7 17.1 40.2 25.5 18.1 
b-value 0. 5&A 0.1 0.1 0.1 0.0 0.0 
Southern region 33.9 23.1 16.4 39.3 25.7 17.6 
"l 35.3 24.1 16.7 38.6 24.4 17.6 
2^ 37.4 24.4 17.4 39.6 26.0 18.1 
C3 38.1 24.9 17.3 39.9 25.5 17.8 
b-value 0.7&& 0. 3** 0.2 0.1 0.1 0.1 
is i'tis 
b-values were significantly different from zero at the 0.05 
and 0.01 levels of probability, respectively. 
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DISCUSSION 
Entries from BS2 and BS3 which represented C^ , C^ , and Cg 
cycles from each of the three regional selection sites were evaluated 
for cold tolerance at Ames, Iowa in 1978 and 1979. A mass selection 
scheme, which used early dates of planting at high plant densities and 
selection for standing plants at maturity, did not improve cold-toler­
ance responses for BS2 in either 1978 or 1979 (Table 12). The BS3 
population showed significant improvements over cycles for percentage 
emergence, emergence index and seedling dry weight in 1978, but no 
significant responses over cycles were shown in 1979 (Table 12). Data 
combined over years showed that mass selection had not changed per­
centage emergence, emergence index or seedling dry weight in BS2 or 
BS3 (Table 11). R-squared values, however, were only 0.32, 0.42 and 
0.51 for the traits percentage emergence, emergence index and seedling 
dry weight, respectively, from the combined analyses of variance 
(Table 11). 
The lack of improvement for cold tolerance after mass selection 
in BS2 and BS3 may be attributed to the plant growth stage at which 
selections were made and to inconsistent environmental stress over 
cycles of selection. Mock and McNeill (1979) examined the associations 
among percentage emergence, emergence index, seedling dry weight and 
other plant characters using 34 inbred lines adapted to various regions 
of North America. The only significant association in their study 
occurred between seedling dry weight and grain yield. Juvenile plant 
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heights, numbers of fully expanded leaves 12 weeks after planting, 
and maximum plant heights were not associated with any of the cold 
tolerance traits. They suggested that cold tolerant seedlings may 
not be the most vigorous .plants in later stages of plant growth. 
Adequate selection pressure for cold tolerance is difficult to 
obtain in every selection year in most regions due to the inconsistent 
nature of minimum and maximum air and soil temperatures and.of precipi­
tation levels that occur in the spring in local areas. Also, cold 
stress, provided by planting early in cold wet soils, can not be obtained 
in field environments if planting is delayed because the soil is too 
wet to plant. Planting delays (i.e., 13 to 34 days) before the second 
cycle of selection (1975) at all three regional sites may have caused 
small selection advance in one out of three cycle-years for this study 
(Table 2), and inconsistent selection pressure obtained in the field 
may have affected the overall response to selection for cold tolerance 
traits. 
Several workers have recommended that evaluations should be con­
ducted in several environments to evaluate responses to selection for 
cold tolerance (Mock, 1979). However, attempts to plant early are not 
successful each year at a given location, and adequate field evaluation 
environments are not always attainable. Only one of two evaluation 
environments used in this study seems to have been effective in differ­
entiating entries for cold tolerance traits. Delayed planting in 1979 
and differences in localized weather conditions at the Ames location 
in 1978 and 1979 probably accounted for the variation in the performance 
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of entries over years for cold tolerance traits (Table 13). In addi­
tion, the 1979 planting environment may not have been sufficiently 
cold to detect changes in cold-tolerance responses across cycles. 
The 1978 evaluation plots were planted eight days earlier than were 
the 1979 plots, and fewer heat units were accumulated during the 
evaluation period in 1978 than in 1979 (Table 46). Cold tolerance 
traits reflected the differences in temperatures in the 1978 and 1979 
evaluation experiments. Experiment means for percentage emergence, 
emergence index and seedling dry weight were 38%, 29.1 days and 6.8g, 
respectively, in 1978. In 1979, however, percentage emergence, emer­
gence index and seedling dry weight were 88%, 19.5 days and 30g, 
respectively. Higher percentage emergence and seedling dry weight 
values and lower emergence index values in 1979 than in 1978 most likely 
were due to a greater accumulation of heat units in 1979. 
Mock and McNeill (1979) related the number of heat units accumulated 
in an environment thirty days after planting with the environment's 
effectiveness in differentiating among inbred lines for cold tolerance. 
Heat unit accumulations ranging from 132 to 155 thirty days after 
planting were considered sufficiently low to obtain cold stress, and 
values above 195 were designated as more normal or inadequate for cold 
tolerance evaluation experiments. Heat units accumulated thirty days 
after planting (Table 46) indicated that the 1978 Ames environment 
provided sufficient cold stress to allow discrimination among cycles 
in BS3, but the 1979 environment probably was too warm to permit 
detection of differences among entries. 
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Table 46. Heat units accumulated in cold tolerance evaluation 
experiments at Ames, Iowa in 1978 and 1979 
Heat units^  
Days after planting 1978^  1979° 
10 1.5 24.0 
20 25.5 115.0 
30 00
 
o
 
230.0 
40 213.0 362.5 
45 335.0 470.0 
C^alculated as the sum of average daily temperatures in degrees 
above 50° and below 86°. 
P^lots planted 15 April. 
P^lots planted 23 April. 
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It is difficult to dismiss this mass selection method as a viable 
means for improving cold tolerance of maize populations, after just 
three cycles of selection and with data from only one suitable evalua­
tion environment. Changes in percentage emergence over cycles for BS3 
in 1978 (i.e., 16.6%/cycle, Table 12) were twice as large as gains per 
cycle reported after two cycles of recurrent selection within BSSS13(SCT) 
using testing per se (Mock and Bakr.i, 1976). Furthermore, McConnell 
and Gardner (1979a) used controlled laboratory conditions (7.2 C) to 
conduct selection for improved cold tolerance. Improvements in per­
centage emergence after four cycles were 8.8%/cycle and 9.9%/cycle in 
Iowa Stiff Stalk Synthetic and Pioneer Cold Tolerant Synthetic, re­
spectively, when cycles were evaluated in the laboratory. However, 
these investigators were unable to show any significant improvement 
when cycles of selection were evaluated for cold tolerance in field 
environments. In addition, changes in seedling dry weight over cycles 
for BS3 in 1978 (i.e., 0.6 g/10 plants/cycle. Table 12) were comparable 
to gains found significant by Mock and Bakri (1976). 
My data demonstrated that improvements shown in percentage emer­
gence and seedling dry weight for BS3 in 1978 are comparable to gains 
found in other studies. However, a low percentage emergence value for 
the BS3 CQ, and a disproportionate gain after one cycle of selection 
(Table 13) may suggest that the large gains over cycles were biased 
by the low initial value observed for the original population for per­
centage emergence in 1978. On the other hand, gains after later 
cycles of selection were acceptable, and the BS3 CQ did perform 
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similarly in both replications in 1978. Gains from the to the Cg 
were 8.0%/cycle for percentage emergence when averaged over selection 
regions in 1978, and the BS3 showed percentage emergence values of 
9.5% and 4.7% for the two replications in 1978. In addition, seedling 
dry weight values for the BS3 were not unrealistically low in 1978. 
L.S.D. values at the 0.05 level of probability illustrated that 
experimental precision was rather poor in my study. L.S.D. values in 
1978 of 36.9% for percentage emergence were four times larger and of 
2.1 g/10 plants for seedling dry weight were two times larger than 
those reported by Mock and Bakri (1976). L.S.D. values may have been 
smaller in my study if several replications had not been lost due to 
severe soil erosion in 1978. 
Density tolerance of BS2 and BS3 was not improved after three 
cycles of mass selection under high plant densities. Percentage 
lodging showed no response to selection in any region for BS2 and BS3 
(Table 23), and ears produced per 100 plants were reduced by approxi­
mately 2%/cycle in BS3 (Table 26). Barrenness often is used as a 
criterion to classify a genotype for high plant density tolerance 
(Russell and Teich, 1967; Buren et al., 1974), and barrenness and ears 
per 100 plants were directly related in this study as few second ears 
were produced in either population. Density tolerance of BS3 may 
actually have decreased because ears per 100 plants decreased across 
cycles (Table 26). The increased barrenness was most likely due to 
poor pollination of ears because PS increased over cycles of selection 
in BS3 (Table 31). The PS was increased in BS3 because date of 
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silk extrusion was delayed in later cycles, but date of anthesis did not 
change. Rate of silk extrusion also has been suggested as a useful 
trait in the identification of density tolerant types, with rapid 
extrusion being related to tolerance (Buren et al., 1974). 
Responses of BS2 and BS3 to different dates of planting (i.e., 
early and normal) and plant densities (i.e., 45.0 M plants/ha and 90.0 
M plants/ha) did not change across cycles for plant, flowering and 
harvest traits. The date of planting by entry interactions were only 
significant for ears per 100 plants (Table 16) and grain yield (Table 
33), and the magnitudes of the mean squares indicated these differ­
ences were relatively unimportant. In addition, the significant 
plant density by entry interaction shown for grain yield was consider­
ably smaller than the main effect mean squares for plant densities and 
entries (Table 16). 
The effects of planting date (Mock and McNeill, 1979) and plant 
density (Rutger and Crowder, 1967; Troyer and Brown, 1972; Woolley 
et al., 1962) on plant, flowering and harvest traits generally were 
consistent with results found by other investigators. Normal dates of 
planting or high plant densities (90.0 M plants/ha) produced taller 
plants with higher ear attachments (Table 17), fewer ears per 100 
plants (Table 24) and greater PS (Table 29) than did early planting 
dates or low densities (45.0 M plants/ha). Rutger and Crowder (1967) 
found ear heights increased from the low (40.0 M plants/ha) to the 
high (80.0 M plants/ha) plant density in six maize hybrids. Ear 
heights increased 8.3 cm across plant densities for the hybrids, while 
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Increases were 6.2 cm for ear heights across densities for the popu­
lations in my study. 
Ears per 100 plants were reduced with increased planting rates 
(i.e., 32.0 M to 57.0 M plants/ha) in three semi-exotic populations 
(Troyer and Brown, 1972). Reductions in ears per 100 plants across 
densities were similar to those found in my experiment even though 
the plant density range was greater in my study. Troyer and Brown 
(1972) reported 27.0 fewer ears per 100 plants were produced at the 
high plant density, while the reduction in ears produced per 100 plants 
at the high plant density was 25.0 in my study. In addition, several 
studies have shown PS to lengthen as plant density was increased 
(Woolley et al., 1962; Troyer and Brown, 1972), but the difference 
between densities for PS in my study (i.e., 2.4 days) was considerably 
larger than those found by the other investigators. The plant density 
range in this study, however, was considerably greater than the range 
of densities used by other investigators. 
Grain yields (Table 34a) and harvest index values (Table 39) were 
reduced in later planted plots or when entries were grown at high 
plant densities. Grain yields of plots planted at a normal date were 
8.5 q/ha lower than yields in early planted plots. Similarly, plots 
planted at the high plant density produced 9.5 q/ha less grain than 
did low density plots. In addition, harvest index values were reduced 
5.2% and 10.3% at the normal date of planting and at the high plant 
density, respectively. These results are somewhat different than 
those found by Allison (1969), who reported that yields and harvest 
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index values were greater at higher plant densities. Grain yield, in 
his study, increased as densities increased from 23.0 M plants/ha to 
4-8.0 M plants/ha but no further increases were demonstrated as densities 
ranged from 48.0 M plants/ha to 74-.0 M plants/ha. Harvest index values, 
however, were shown to increase as densities ranged from 23.0 M 
plants/ha to 74.0 M plants/ha. Rutger and Crowder (1967) also showed 
grain yields of the six hybrids they tested were increased as densities 
increased, with highest yields occurring at 70.0 M plants/ha. None 
of these studies, however, used densities as high as those used in my 
study. 
Many workers have shown lodging to increase at higher densities 
(Zuber et al., 1960; Termunde et al., 1963; Rutger and Crowder, 1967), 
and these results are consistent with results of my study. Percentage 
lodging was increased by stress imposed by high plant densities, but 
planting date had no effect on lodging (Table 21). In addition, 
flowering dates were advanced under high plant densities (Table 29), 
and grain moistures at harvest were highest in high density subplots 
planted at a normal date (Table 41). The date of silking was in­
creased 0.7 days for each increment of 10.0 M added plants as densities 
ranged from approximately 45.0 M plants/ha to 90.0 M plants/ha. These 
results were comparable to those found by Kohnke and Miles (1951) as 
regression values indicated that silk delay increased one day per 
10.0 M added plants as densities were increased from 9.7 M plants/ha 
to 68.0 M plants/ha for maize hybrids. Entry means showed grain 
moistures averaged 23.7% in early planted-plots and 29.2% when plots 
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were planted at a normal date. A reduction in grain moistures of 5.5% 
for entries planted early is of practical significance in the pro­
duction of maize, because it would allow early harvest of dry grain. 
The BS3 exhibited greater plant and ear heights, and was 
later in maturity than the BS2 CQ. BS3 was 14.8 cm taller with 
a 9.8 cm higher ear attachment than BS2 (Table 19). BS3 also 
shed pollen three days later, extruded silk two days later (Table 31), 
and showed a 3% higher grain moisture at harvest (Table 43) than BS2 C^ . 
In addition, BS3 had a shorter PS than the BS2 because the date 
of anthesis and silking date of BS3 were one day closer (Table 31). 
The BS3 yielded 13.4 q/ha higher (Table 36), and produced 
6.5 more ears per 100 plants at the more normal date of planting than 
the BS2 CQ (Table 26). However, there was no difference between 
original populations for numbers of ears produced per 100 plants at 
the early date of planting. There also were no differences between 
CQ'S for percentage lodging (Table 23) and harvest index (Table 38). 
A summary of the average correlated changes over cycles for plant, 
flowering and harvest traits that were statistically significant for 
BS2 and BS3 is presented in Table 47. Increases in plant and ear 
heights and plant maturities in BS2 were associated with mass selection 
using early planting dates and high plant densities. These trends 
were similar to those reported for other Corn Belt varieties that 
have undergone mass selection for yield (Gardner, 1978). Mock and 
Bakri (1976), however, reported that two cycles of recurrent selection 
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Table 47. Changes in plant, flowering and harvest traits in BS2 and 
BS3 associated with mass selection 
Trait Synthetic Changes/cycle 
Plant height BS2 2.6 cm 
Ear height BS2 2.8 cm 
Ears per 100 plants BS3 -2.0 ears^  
Date of anthesis BS2 0.6 days 
Silking date BS2 0.6 days 
Silking date BBS 0.2 days 
PS BS3 0.2 days 
Grain moisture at BS2 0.6% 
harvest 
W^hen evaluated at the normal date of planting. 
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for cold tolerance in BSSS13(SCT) decreased heights and maturity. 
Plant and ear heights were Increased 1.1% and 2.4% per cycle, 
respectively, in BS2 (Table 19), but a slight reduction in plant and 
ear heights in the southern region over cycles was found for BS3 
(Table 20). Plant and ear height responses in BS2 were similar 
because both heights Increased approximately 2.7 cm/cycle (Table 19). 
Changes in plant height per cycle were greater than those reported by 
Lonnqulst et al. (1966) and Mareck and Gardner (1979) after six and 
sixteen cycles of mass selection, respectively, for grain yield in 
Hays Golden (i.e., 1.8 cm/cycle). 
Both BS2 and BS3 showed delays in flowering dates over cycles 
with BS2 demonstrating consistent responses for entries developed in 
all regions (Table 32). BS2 showed a 0.6 day/cycle increase for both 
flowering dates (Table 31). These changes were at least twice as 
great as those reported by other investigators after mass selection 
for yield (Lonnqulst et al., 1966; Mareck and Gardner, 1979). BS2 
also showed increased grain moisture at harvest after selection in 
the central and southern regions (Table 44), but changes were much 
smaller than those reported by Gardner (1961) after four cycles of 
mass selection for yield in the population Hays Golden. However, when 
Mareck and Gardner (1979) used higher densities in evaluating Hays 
Golden, changes in grain moisture per cycle after 15 cycles were only 
half as large as those shown in my study. BS3 became earlier as grain 
moisture of BS3 was reduced over cycles developed in the northern 
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region (Table 44). The negative response of BS3 for grain moisture 
(i.e., -0.3%/cycle), however, was shown only when evaluation was 
carried out at the northern location (Table 45). Grain yield (Table 
36) and harvest index (Table 38) did not show changes after mass 
selection in BS2 or BS3. 
One objective of my study was to compare results for cycles 
developed in the three selection regions to determine if changes due 
to selection in one region were expressed in other regions. Appraisal 
of relative cold tolerance of the entries was carried out only at Ames, 
Iowa because of the need for every-other-day plant counts for the 
thirty day period after planting. Thus, evaluation of responses 
over cycles developed at the three regions in the same areas where 
selection occurred was not possible. Changes due to selection in the 
other regions were expressed, however, when evaluated at Ames (Table 
13). 
In general, when changes in plant, flowering and harvest traits 
associated with mass selection were significant, responses over cycles 
developed in the three regions were of the same magnitude. Plant and 
ear heights in BS2 (Table 20), ears per 100 plants in BS3 (Table 27) 
and flowering dates in BS2 (Table 32) showed similar changes over 
cycles developed at the three regional sites when progress was evalu­
ated in Iowa. Changes over cycles in BS3, however, were significant 
for grain moisture at harvest only when the selection site and evalua­
tion location coincided (Table 45). The response over cycles developed 
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in the northern region for BS3 was expressed only when progress was 
evaluated at Waseca, Minnesota. Note, however, that responses in 
BS2 for grain moisture associated with mass selection in the southern 
and central regions also were greater when cycles were evaluated at 
Waseca indicating that the northern evaluation environment was most 
successful in differentiating among entries for grain moisture. 
Changes over cycles developed in the three regions were not significant 
for percentage lodging (Table 23), grain yield (Table 36) and harvest 
index (Table 38). 
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SUMMARY AND CONCLUSIONS 
This study was designed to evaluate the usefulness of mass 
selection to improve cold and density tolerance of two maize popula­
tions, BS2 and BS3. Three cycles of mass selection for improved 
cold and high plant density tolerance were conducted in both BS2 and 
BS3 in each of three regional areas of the Corn Belt. Natural stress 
for cold tolerance was achieved by planting the populations as early 
as possible at Waseca, Minnesota; Ames, Iowa; and Portageville, 
Missouri, which represented northern, central and southern regions, 
respectively. 
In this study, the original and the three advanced cycles of BS2 
and BS3 from the three selection regions were evaluated for cold 
tolerance using three traits (i.e., percentage emergence, emergence 
index and seedling dry weight). Evaluation plots were planted as 
early as possible in the spring at Ames, Iowa in 1978 and 1979. In 
addition, the entries were evaluated for density tolerance and changes 
in other traits associated with mass selection at the original 
selection sites and two other sites (i.e., Beaconsfield, Iowa and 
Sutherland, Iowa). The experiments were grown at two dates of planting 
(i.e., early and normal) and two plant densities (i.e., 45.0 M plants/ 
ha and 90.0 M plants/ha). My research was conducted to: (1) determine 
if mass selection using early planting dates under high plant densities 
was effective in improving cold and density tolerance, (.2) determine 
if selection changed the populations responses to dates of planting 
120 
and plant densities for plant, flowering and harvest traits, (3) 
evaluate changes in other traits associated with selection under these 
conditions, and (1) compare results for cycles developed in the three 
selection regions to determine if changes due to selection in one 
region were expressed in other regions.. 
My data demonstrated that only one of two evaluation environments 
used in this study was effective in differentiating entries for cold 
tolerance traits. In this environment, significant improvements over 
cycles were shown for percentage emergence, emergence index and seedling 
dry weight within BS3. No improvements over cycles were shown for the 
cold tolerance traits within BS2. Conclusions about the effectiveness 
of mass selection using early planting dates at high plant densities in 
improving cold tolerance of maize populations were not possible as they 
would be based only on data collected over two replications in one 
year. 
Density tolerance of BS2 and BS3 was not improved after three 
cycles of mass selection using early planting dates at high plant 
densities. Changes over cycles for percentage lodging, ears per 100 
plants and pollen-shed-to-silking interval indicated BS2 had not 
responded to selection, and that BS3 had become less tolerant to high 
plant densities in advanced selection cycles. 
Responses over cycles for BS2 and BS3 did not change across dates 
of planting (i.e., early and normal) and plant densities (i.e., 45.0 
M plants/ha and 90.0 M plants/ha) for plant, flowering and harvest 
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traits. In addition, the effects of planting dates and plant 
densities on plant, flowering•and harvest traits generally were 
consistent with results found by other investigators. 
Increases in plant and ear heights and plant maturities in BS2 
were associated with this mass selection method. These trends were 
similar to those reported for other Corn Belt varieties that have 
undergone mass selection for yield (Gardner, 1978), but they were 
opposite to responses reported by Mock and Bakri (1976) after two cycles 
of recurrent selection for cold tolerance in BSSS13(SCT). BS3 showed 
a slight reduction in plant and ear heights and reduced grain moisture 
over cycles, but responses were not consistent for cycles developed 
at all regions. Grain yield and harvest index did not show changes 
over cycles in BS2 or BS3. 
In general, when changes in plant, flowering and harvest traits 
associated with mass selection were significant, responses over cycles 
developed in the three regions were of the same magnitude. Plant and 
ear heights in BS2, ears per 100 plants in BS3 and flowering dates in 
BS2 showed similar changes over cycles developed at the three 
regional sites when progress was evaluated in Iowa. Changes over 
cycles developed in the three regions were not significant for per­
centage lodging, grain yield and harvest index. 
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